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Introduction

The 2012 rulemaking establishing the National Program for federal greenhouse gas (GHG)
emissions and corporate average fuel economy (CAFE) standards for model years (MY) 2017-
2025 light-duty vehicles included a regulatory requirement for the Environmental Protection
Agency (EPA) to conduct a Midterm Evaluation (MTE) of the GHG standards established for
MY2022-2025.1 In the Final Determination that this document accompanies, the Administrator
is making a final adjudicatory determination (hereafter "Final Determination™) that, based on her
evaluation of extensive technical information available to her and significant input from the
industry and other stakeholders, and in light of the factors listed in the 2012 final rule
establishing the MY2017-2025 standards, the MY 2022-2025 standards remain appropriate under
section 202(a)(1) of the Clean Air Act. The Final Determination leaves those standards entirely
as they now exist, unaltered.

The Final Determination follows the November 2016 Proposed Determination issued by the
EPA Administrator and the July 2016 release of a Draft Technical Assessment Report (TAR),
issued jointly by the EPA, the National Highway Traffic Safety Administration (NHTSA), and
the California Air Resources Board (CARB). Opportunities for public comment were provided
for both the Draft TAR and the Proposed Determination. In the Draft TAR, the agencies
examined a wide range of issues relevant to GHG emissions standards for MY 2022-2025, and
shared with the public their initial technical analyses of those issues. The Draft TAR was
required by EPA’s regulations as the first step in the Midterm Evaluation process. In developing
the Proposed Determination, the Administrator considered public comments on the Draft TAR
and EPA updated its analyses where appropriate in response to comments and to reflect the latest
available data. The Administrator has likewise considered public input on the Proposed
Determination in developing the Final Determination.

EPA received more than 100,000 public comments on the Proposed Determination, with
comments from about 60 organizations and the rest from individuals, the vast majority of which
are from mass comment campaigns. These public comments have informed the Administrator’s
Final Determination, and EPA has responded to the comments in this Response to Comments
(RTC) document. Many of the comments received included the same or similar information as
that we received on the Draft TAR, to which we previously responded in the Proposed
Determination document and its accompanying Technical Support Document (TSD). This RTC
document, together with the Final Determination, Proposed Determination, the Appendices to the
Proposed Determination, and the TSD to the Proposed Determination should be considered
collectively as EPA’s response to all of the significant comments received on EPA’s Midterm
Evaluation.?

140 CFR 86.1818-12(h).

2 The Final Determination, this RTC document, the Proposed Determination, the Appendices to the Proposed
Determination, and the TSD to the Proposed Determination are contained in EPA Docket ID No. EPA-HQ-OAR-
2015-0827 and can be found at https://www.epa.gov/regulations-emissions-vehicles-and-engines/midterm-
evaluation-light-duty-vehicle-greenhouse-gas-ghg.
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Chapter 1. General and Process

1.1 General Comments

We received a large number of broad comments on the Proposed Determination that are not
on any specific aspect of the Proposed Determination, but rather are directed generally at the
Proposed Determination finding that the M'Y2022-2025 standards remain appropriate under
section 202(a)(1) of the Clean Air Act. These general comments include those from both
organizations and private citizens.

Many comments generally supported the Proposed Determination finding that the MY 2022-
2025 standards remain appropriate. Examples of these types of comments include those from
Achates Power, American Council for an Energy-Efficient Economy (ACEEE), Consumers
Union, Edison Electric Institute, Honeywell, Manufacturers of Emission Controls Association,
the California Legislature, the California Air Resources Board (CARB), the BlueGreen Alliance,
and others. Some commenters further agreed that the record supports strengthening the
standards, including the International Council on Clean Transportation (ICCT), the Natural
Resources Defense Council (NRDC), the National Association of Clean Air Agencies
(NACAA), Northeast States for Coordinated Air Use Management (NESCAUM), Environmental
Defense Fund, the Union of Concerned Scientists (UCS), and others.

Other comments generally disagreed with the Proposed Determination; examples of these
types of comments include those from the Alliance of Automobile Manufacturers (Alliance),
Global Automakers, Ford, General Motors (GM), FCA, Toyota, Nissan, Subaru, the American
Iron and Steel Institute (AESI), Motor Equipment Manufacturers Association (MEMA), National
Automobile Dealers Association (NADA), U.S. Chamber of Commerce, National Association of
Manufacturers (NAM), Adsorbed Natural Gas Produces (ANGP), High Octane Low Carbon,
National Corn Growers, Minnesota and Illinois Corn Growers Associations, and the Energy
Future Coalition.

We appreciate the time and effort taken by the commenters in developing their comments,
both on the Proposed Determination specifically, and during the many opportunities for public
input throughout the Midterm Evaluation process. We have carefully considered public input on
the Proposed Determination, and these public comments have informed the Administrator’s Final
Determination.

Based on her evaluation of extensive technical information available to her and significant
input from stakeholders, and in light of the factors listed in the 2012 final rule establishing the
MY2017-2025 standards, the Administrator is making a final adjudicatory determination that the
MY 2022-2025 standards remain appropriate under section 202(a)(1) of the Clean Air Act. We
continue to believe that making the Final Determination now recognizes that long-term
regulatory certainty and stability are important for the automotive industry and contributes to the
continued success of the program, which in turn will reduce emissions, improve fuel economy,
deliver significant fuel savings to consumers, and benefit public health and welfare.

We appreciate the support for the Proposed Determination expressed by many of the
commenters. In our consideration of comments that expressed general opposition to the Proposed



Determination, we find no information presented in the public comments on the Proposed
Determination that leads us to change the Agency’s analysis in support of the Proposed
Determination. In fact, in many cases, we received similar or identical comments for the Draft
TAR and we responded to them in the Proposed Determination. We respond to comments on the
Midterm Evaluation process, including the Proposed Determination process and timing, in
Section 1.2 below, and to comments on specific aspects of the Proposed Determination
throughout other sections of this Response to Comments (RTC) document.

1.2 Legal Process and Timing

Summary of Comments on the Draft TAR addressed in the Proposed Determination

The Executive Summary and Section I.A of the Proposed Determination provided an
overview of the Midterm Evaluation (MTE) process established by Environmental Protection
Agency (EPA) regulations. EPA did not receive significant comments on the Draft TAR’s
description of the MTE process.

Summary of Comments on the Proposed Determination

EPA received many comments relating to the process that the Administrator used in issuing
the Proposed Determination. Several NGO and state government commenters stated that they
believe the process that the Administrator used for this action was appropriate and/or supported
the Administrator moving forward with a Final Determination. These included the
Environmental Defense Fund, which described its legal conclusions that the Administrator’s
action is not a rulemaking and that “given the strong and consistent factual record on which the
finding is based, it was likewise appropriate for the Administrator to move forward with her
proposed adjudicatory determination.” Other commenters that agreed that the process was
appropriate include the following: Achates Power, Edison Electric Institute, National Association
of Clean Air Agencies, Washington Environmental Council, American Council for an Energy-
Efficient Economy, International Council on Clean Transportation, Natural Resources Defense
Council, Union of Concerned Scientists, and Consumer Federation of America. The Michigan
League of Conservation Voters generally supported the Administrator’s action to maintain the
existing GHG standards, although they would have preferred a 30-day extension of the comment
period. The UAW also said it would have preferred “a lengthier midterm review,” but also said
that the shortened process “should reduce the likelihood of competing standards and will provide
certainty to an industry that needs ample lead time to plan for production.”

Auto manufacturers and their trade groups strongly expressed concerns about several aspects
of the process the Administrator used in issuing the Proposed Determination. Other
organizations, such as some automotive suppliers, echoed some of these process concerns raised
by the auto manufacturing industry. We describe these comments in more detail and respond to
them below. In general, many commenters assert that they were not afforded the required or
expected procedures under the Midterm Evaluation. Several commenters also describe why they
believe the Final Determination is a rule, and thus they believe it is subject to more procedural
requirements than a non-rulemaking action. Commenting on one or more of these issues were
the following automobile manufacturers and their trade organizations: The Alliance of
Automobile Manufacturers (Alliance), Global Automakers, Ford, GM, FCA, Toyota, Nissan,
Subaru, BMW, and Mercedes-Benz. Other commenters expressing similar views on these issues
included DENSO, American Iron and Steel Institute, Motor Equipment Manufacturers



Association, National Automobile Dealers Association, U.S. Chamber of Commerce, National
Association of Manufacturers, Adsorbed Natural Gas Products, High Octane Low Carbon,
National Corn Growers Association, Minnesota and Illinois Corn Growers Associations, and the
Energy Future Coalition.

Some commenters, including the Alliance and Global Automakers, commented that by taking
action separate from and prior to MTE-related regulatory action by NHTSA and CARB, EPA’s
current action creates a conflict with the agencies’ basic principle of a One National Program
(ONP), that allows manufacturers to build a single national light-duty vehicle fleet that complies
with EPA, NHTSA, and CARB standards. FCA specifically stated their concern that EPA’s
treatment of occupant safety comments was related to a perceived lack of coordination with
NHTSA.

Response to Comments on the Proposed Determination

Many of the commenters expressed concerns that they had not been afforded the procedures
required under the rules establishing the MTE, and that the procedures in any case were not in
accord with stakeholders’ legitimate expectations. The main contention was that the process was
precipitate and afforded inadequate opportunity to properly evaluate and discuss the many
technical issues arising under the MTE. Commenters pointed to various preamble statements
from the 2012 final rulemaking (FRM) regarding the need for an iterative, data-driven process,
other preamble statements indicating that EPA and NHTSA intended to act on concurrent time
frames, EPA statements, including web postings, suggesting plans for a lengthier process, all of
which commenters view as inconsistent with EPA’s process. The Alliance stated that the
process has “precluded consideration by EPA of pending studies and more current information.”

EPA has followed and complied with all of the procedural steps set out in the rules. In the
Notice of Intent describing the second phase of the National Program, which describes the
midterm evaluation process, EPA indicated (see 76 FR 48672-673, Aug. 9, 2011) that:

e EPA would conduct a mid-term evaluation of the MY2022-2025 standards to
determine whether those standards are appropriate under section 202(a) of the act, and
must make a final determination no later than April 1, 2018;

e EPA, NHTSA, and CARB would jointly prepare a Draft Technical Assessment Report
(TAR) to inform EPA’s determination, and there would be an opportunity for public
comment on the Draft TAR, and appropriate peer review of its underlying analyses;
and that all assumptions and modeling underlying the Draft TAR would be available
for public comment;

e EPA would also seek public comment on whether the standards are appropriate, and
would carefully consider and respond to those comments in taking any final action;

e EPA and NHTSA would consult and coordinate in developing EPA’s determination of
whether the MY2022-2025 standards are appropriate;

e EPA’s determination is to be based on a comprehensive, integrated assessment of all
the results of its review, as well as any public comments received during the
evaluation, taken as a whole; the Administrator is to consider a record at least as
robust as that in the rulemaking establishing the standards;



e An EPA decision that the MY2022-2025 standards are appropriate would be final
agency action subject to judicial review, and EPA would announce that final decision
and the basis for EPA’s decision; however, if EPA determines that the standards are
not appropriate, EPA must initiate rulemaking to amend the standards.

More specifically, the codified rules on the MTE require that EPA complete the following
tasks prior to its final determination: prepare the Draft TAR; seek public comment on the Draft
TAR; and seek public comment on whether the MY 2022-2025 standards are appropriate under
section 202(a). See 40 CFR section 86.1818-12(h). The time frame set forth in that rule specified
that the Draft TAR be completed no later than November 15, 2017, and that the Final
Determination be completed no later than April 1, 2018, or a period of only four and one-half
months after the Draft TAR.

EPA has adhered to all of these requirements. The agencies (EPA, NHTSA, and CARB)
prepared the Draft TAR, and sought and received substantial public comment thereon. EPA also
considered all late comments on the Draft TAR. EPA carefully considered and responded in
detail to all of the significant public comments as part of the record for the Proposed
Determination. Part of the response was to make a number of changes urged by commenters.
These included updating the baseline fleet to a MY 2015 basis, better accounting for certain
technologies in that baseline fleet, improving the vehicle classification structure to improve the
resolution of cost-effectiveness estimates applied in the OMEGA model, updating effectiveness
estimates for certain advanced transmission technologies, conducting additional sensitivity
analyses (including those where certain advanced technologies are artificially constrained), and
adding quality assurance checks of technology effectiveness into the ALPHA and Lumped
Parameter Model. See Proposed Determination Appendix A at A-1 and A-2. EPA consulted
with NHTSA and CARB as part of the process of developing the Proposed Determination. The
Final Determination is based on an administrative record at the very least as robust as that for the
2012 FRM, including extensive state-of-the-art research projects conducted by EPA and
consultants to both agencies, data and input from stakeholders, multiple rounds of public
comment, information from technical conferences, published literature, and studies published by
various organizations. EPA put primary emphasis on the many peer-reviewed studies, as well as
on the National Academy of Sciences 2015 report on fuel economy technologies.

EPA has considered those comments that contend that the process the Administrator has
followed with the Proposed Determination, especially regarding opportunities for stakeholders to
provide meaningful public comment, is not in accord with the stakeholders’ legitimate
expectations. EPA believes that the comment period for the Proposed Determination is sufficient
in light of the limited new data and information presented in that document as well as in the
comments we received on the Draft TAR (which formed the technical underpinnings of the
Proposed Determination). The Administrator has moved forward with the Proposed
Determination based on an extensive technical record developed over several years of research,
analysis, and public input, with the recognition that lead time and regulatory certainty are critical
to the auto industry. Regarding pending industry studies that the Alliance believes could have
improved EPA’s analysis, having considered extensive input from industry and other sources and
improved the quality of our technical understanding over several years, the sum of all of this
information has reinforced our fundamental conclusions from the 2012 final rule that the
standards are feasible and appropriate, and has even provided evidence to support the potential
strengthening of the standards. The Administrator believes that the likelihood that new,



unforeseen data or information of sufficient consequence to alter this determination might come
to light in the near future is very small, and has concluded that the existing record fully supports
a decision to move forward with the Final Determination.

Several commenters maintained that the Final Determination is a rulemaking, and therefore
EPA must follow the rulemaking procedures in the Administrative Procedure Act (“APA”), or in
section 307(d) of the Act, or both. These comments are mistaken. As noted in the Proposed and
Final Determinations, this action is not a rulemaking. Rulemaking procedures are not legally
required, and EPA has properly exercised its discretion to proceed by adjudication.

None of the EPA’s own rules, nor the APA or the Clean Air Act (CAA), legally require the
determination be made by rulemaking. First, EPA’s own rules do not require rulemaking, unless
EPA acts “to revise the standards” upon finding the existing standards “not appropriate.” See 40
C.F.R. 86.1818-12(h). But here, EPA is finding the existing standards appropriate. Had EPA
instead found the existing standards not appropriate, it would have initiated a rulemaking to
revise them. See 77 FR 62784 (Oct. 15, 2012) (stating that if EPA concludes the standards are
appropriate it will “announce that final decision and the basis for EPA’s decision” and if EPA
decides the standards are not appropriate, it will “initiate a rulemaking to adopt standards that are
appropriate under section 202(a)”).

Second, the APA does not require rulemaking. An APA rulemaking is defined as
“formulating, amending, or repealing a rule.” Kennecott Utah Copper Corp. v. United States
DOI, 88 F.3d 1191, 1208 (1996) (citing 5 U.S.C. 8 551(5)). By contrast, an agency’s decision not
to revise an existing rule after consideration of new information is not a rulemaking. See
National Mining Ass'n v. MSHA (“NMA”), 599 F.3d 662, 670-71 (D.C. Cir. 2010); ICORE v.
FCC, 985 F.2d 1075, 1082 (D.C. Cir. 1993). Here, as in NMA and ICORE, EPA considered new
information and chose not to revise the existing standards. Thus, EPA was not required to, and
did not, engage in rulemaking pursuant to the APA.

Third, the CAA does not require rulemaking. CAA 8 307(d)(1)(K) imposes certain
rulemaking procedures on the “promulgation or revision of regulations under section [202] and
test procedures for new motor vehicles or engines under section [206], and the revision of a
standard under section [202(a)(3)].” CAA 8 202(a) also directs EPA to prescribe “by regulation”
motor vehicle emission standards. But these directives are inapposite, because EPA is not
promulgating a new emission standard (or test procedure) or revising an existing standard.
Instead, EPA has decided not to revise an existing standard.

In the absence of any statutory or regulatory requirement to conduct rulemaking, “the choice
between rulemaking and adjudication lies in the first instance within the agency’s discretion.”
POM Wonderful, LLC v. FTC, 777 F.3d 478, 497 (2015) (citing NLRB v. Bell Aerospace Co.,
416 U.S. 267, 294 (1974)); see also Ark. Power & Light Co. v. Interstate Commerce Com., 725
F.2d 716, 723 (1984) (“court will compel an agency to institute rulemaking proceedings only in
extremely rare instances”); Richard J. Pierce, Administrative Law Treatise 503 (5th ed. 2010)
(“On the federal level, and outside the unusual context of statutorily mandated exclusive reliance
on rulemaking, all [judicial challenges to compel rulemaking over adjudication] have failed.”).
EPA has exercised its discretion to proceed by adjudication. The agency believes that doing so
here is especially suitable for several independent reasons.




Here, EPA is not promulgating any new policies or standards. Rather, EPA has chosen to not
revise its existing standards, after undertaking the process set forth in an existing rule. See 40
C.F.R. § 86.1818-12(h). Applying that rule’s processes, EPA evaluated the factual record
concerning existing standards, considering technical factors such as practicability, feasibility,
technology effectiveness, impacts on the automobile industry and consumers, and safety. See id.
8 86.1818-12(h)(1)(i)-(viii) (listing the factors). In order to do so, EPA compiled a thorough
record, see id. 8 86.1818-12(h)(2), and issued a Draft Technical Assessment Report, see id. §
86.1818-12(h)(3). And in this Final Determination, EPA has “set forth in detail the basis for the
determination,” id. 8 86.1818-12(h)(4), and deemed the existing standards “appropriate,” id. §
86.1818-12(h). Agencies regularly evaluate factual records through adjudication. See POM
Wonderful, 777 F.3d at 497-98; Safari Club Int'l v. Jewell, 2016 U.S. Dist. LEXIS 136235, at
*33-34 (D.D.C. Sept. 30, 2016); cf. also Shays v. FEC, 528 F.3d 914, 930 (D.C. Cir. 2008)
(ruling that an agency “has authority to flesh out its rules through adjudications and advisory
opinions” (citing Shalala v. Guernsey Mem'l Hosp., 514 U.S. 87, 96 (1995))). Moreover, this
action has no new future effects and disturbs no reliance interests. In some cases, rulemaking
may be suitable where adjudication would unduly disturb reasonable reliance interests. See Bell
Aerospace, 416 U.S. at 295. But this action does not change the existing standards; it creates no
new rights, liabilities or rules of conduct different from those already established by the 2012
rule. Finally, EPA has historically not regarded analogous mid-course evaluations as legally
requiring rulemaking. The agency routinely conducts mid-course evaluations of its standards,
particularly those that have long lead times. In these prior cases, the agency did not find
rulemaking legally required, even though as here, the actions closely reexamined facts relating to
existing rules.® EPA continues this practice here, further justifying its exercise of discretion. See
Drake v. FAA, 291 F.3d 59, 69 (2002) (“Where the agency's litigation position is consistent with
its past statements and actions, there is good reason for the court to defer, for then the position
seems simply to articulate an explanation of longstanding agency practice.”).

EPA is not persuaded by the commenters’ arguments to the contrary. Global Automakers and
the Alliance commented that EPA must proceed by rulemaking because this action would have
future effect on the industry and necessarily involve policy considerations. Not so. As the D.C.
Circuit has repeatedly held, “the fact that an order rendered in an adjudication may affect agency
policy and have general prospective application does not make it rulemaking subject to APA
section 553 notice and comment.” POM Wonderful, 777 F.3d at 497 (citing Conference Grp.,
LLC v. FCC, 720 F.3d 957, 966 (D.C. Cir. 2013)). Indeed, “adjudicated cases may and do serve
as vehicles for the formulation of agency policies, which are applied and announced therein, and
... such cases generally provide a guide to action that the agency may be expected to take in
future cases.” Bell Aerospace, 416 U.S. at 294 (citing NLRB v. Wyman-Gordon Co., 394 U.S.

3 For example, in the final rule for heavy-duty engine standards (66 FR 5063, January 18, 2001), EPA announced
regular biennial reviews of the status of the key emission control technology. EPA subsequently issued those
reviews in 2002 and 2004, without going through rulemaking. See EPA Report 420-R-02-016; EPA Report 420-
R-04-004. Or for instance, in the final rule for the Nonroad Tier 3 standards (63 FR 56983, Oct 23, 1998), EPA
committed to reviewing the feasibility of the standards by 2001 and to adjust them by rulemaking if necessary. In
2001, without engaging in rulemaking, EPA published a report (see EPA Report 420-R-01-052) accepted
comments, and concluded in a memorandum placed in the docket that the standards remained technologically
feasible (Memorandum: “Comments On Nonroad Diesel Emissions Standards: Staff Technical Paper,” from Chet
France to Margo Oge, June 4, 2002).



759, 765-66 (1969)). And an agency may in its “very broad discretion” use adjudication to
formulate orders broadly applicable to an entire industry. Qwest Servs. Corp. v. FCC, 509 F.3d
531, 536 (D.C. Cir. 2007).

EPA agrees that this action, like virtually any administrative action, may implicate some
policy considerations relevant to the industry. The determination that the existing standards are
appropriate, however, does not alter agency policy; the policies of the 2012 rule remain in place.
And as already noted, this action does not change the existing legal rights and obligations of
regulated parties.

The Alliance additionally commented that EPA’s decision to provide public notice and
comment necessarily transforms this action into a rulemaking. The Alliance cites no legal
authority for this claim, and EPA is unaware of any. To the contrary, “[a]gencies are free to grant
additional procedural rights in the exercise of their discretion.” Vt. Yankee Nuclear Power Corp.
v. Nat. Res. Def. Council, Inc., 435 U.S. 519, 524 (1978). EPA is thus free to proceed by
adjudication with enhanced procedures, such as notice and opportunity to comment.

The Alliance further commented that EPA must proceed by rulemaking because EPA has
stated that the authority for the MTE is found in CAA 202(a), and because EPA has “reopened”
the prior rule and its record, citing cases like General Motors Corp. v. EPA, 363 F.3d 442, 449-
50 (D.C. Cir. 2004) and National Mining Association v. Department of Interior, 70 F.3d 1345,
1352 (D.C. Cir. 1995). In the alternative, the Alliance argues further that the Proposed (and now
Final) Determination constitutes a reconsideration of the MY2022-2025 standards under section
307(d)(7)(B) of the Act.

These arguments fundamentally mistake the nature of the MTE. EPA established the MTE
process by regulation. See 40 CFR 86.1818-12(h). EPA continues to believe the authority for
that regulation derives from the authority to establish appropriate standards pursuant to CAA
section 202. See 77 FR at 62786. That regulation requires the Administrator to make a
determination whether the M'Y2022-2025 standards are appropriate, after an opportunity for
public comment. See 40 CFR 86.1818-12(h). The regulation further requires that if the
Administrator determines the standards are not appropriate, then the Administrator will initiate a
rulemaking to revise the standards. Id.

Thus, the Final Determination is not “reopening” or “reconsidering” the 2012 rule. Rather,
the Administrator is undertaking an examination of the factual record currently before her
pursuant to the 2012 rule, and that rule does not require any further rulemaking when she
determines that the standards are appropriate. In fact, the commenter acknowledges that in
promulgating the 2012 rule EPA rejected the argument that the MTE would constitute a
“reconsideration” of the rule under CAA 307(d). See 77 FR at 62786. Section 307(d)(7)(B)
applies to situations where EPA is required to reconsider a rule on the basis of new information
raised by a petitioner to the agency which information could not have been available during the
rulemaking. Here EPA is carrying out the provisions of the rule, by assessing the
appropriateness of the standards. Section 307(d)(7)(B) is entirely inapplicable in these
circumstances.

4 As noted above, although not relevant here, agencies are generally permitted to change policy, with prospective
effect on regulated entities, through adjudication.
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Moreover, the fact that the agency reviewed new factual information as part of the
determination does not itself trigger any requirement to undertake rulemaking. To the contrary,
where the agency decides not to revise its existing standards, it need not proceed by rulemaking,
even if it considers new information. See NMA, 599 F.3d at 670-71; ICORE, 985 F.2d at 1082. In
both NMA and ICORE, as here, the agency expressly considered substantial new information in
issuing the challenged determinations. Nonetheless, in both cases, the court upheld the agency’s
choice to not proceed by rulemaking. See NMA, 599 F.3d at 670-71; ICORE, 985 F.2d at 1082.

It is also worth noting that the case law on “reopening” rules is further inapplicable because it
simply addresses when a court may consider a challenge to a long-standing rule that would
otherwise be time-barred. Relatedly, Global Automakers commented that EPA must institute
rulemaking because of the “substance of what the [agency] has purported to do and has done,”
citing Center for Auto Safety v. National Highway Traffic Safety Administration, 710 F.2d 842,
846 (1983).

These authorities are inapposite. They address whether a court has jurisdiction to review
agency action, not whether an agency must proceed by rulemaking or adjudication.®> Here, EPA
has stated that the Final Determination is a reviewable, final agency action. See 77 FR at 62784.
The question here is not whether a court would have power to hear a petition for review, but
whether EPA is required to follow rulemaking procedures. The authorities cited by commenters
do not address this issue.

Commenters also stated that the Proposed and Final Determination should have been
submitted to the Office of Management and Budget pursuant to Executive Order (EO) 12866,
arguing that section 6 of that Executive Order requires review of “significant regulatory
action[s],” meaning actions “likely to result in a rule that may have an annual effect on the
economy of $100 million or more.” The Final Determination is not an action subject to EO
12866 review and has no economic effect. It determines that standards previously promulgated
in a final rule (which was subject to review per the Executive Order) remain appropriate, and
leaves the current regulatory status-quo unaltered.

5> Moreover, as noted above, EPA has not reopened the 2012 rule—it has fulfilled its obligations under the 2012 rule
and concluded that the standards are appropriate.
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Chapter 2: Technology Assessment

2.1  Effectiveness Assessment: General Comments, Technology Packages, Penetrations,
and Sufficiency of Non-Electrified Technologies

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Some comments received on the Draft TAR were critical of EPA’s assessment of technology
effectiveness and its compliance projections, while others were supportive. Upon examination of
specific comments to this effect, both broadly and with respect to specific technologies examined
throughout the Proposed Determination and the Technical Support Document (TSD), EPA
concluded in its assessment that the effectiveness values developed for the Draft TAR were
largely accurate representations of benefits achievable by manufacturers within the MY2022-
2025 time frame. EPA also noted that this was not to state or imply that every manufacturer that
had added a technology had already achieved the effectiveness estimated in the Draft TAR.
Some technologies that are currently in their first or second design iteration may improve in
effectiveness in successive iterations. One example provided was the emerging use of integrated
and cooled exhaust manifolds and the resulting improved effectiveness from turbo-charged
downsized engines. Additionally, we noted that some manufacturers that have adopted
technology may have used some of the benefit to improve other vehicle attributes, rather than
solely to improve fuel economy;® but when these technologies are combined with the sole intent
of improving vehicle efficiency, our analyses continue to show that significant improvements
from the baseline fleets are broadly achievable using conventional powertrains (see Section 2.1
of the TSD at p. 2-1 to 2-2).

Some auto industry commenters stated generally that the EPA models and/or effectiveness
assumptions are overly optimistic, while other commenters recommended higher technology
effectiveness values than we estimated in the Draft TAR. In some cases, the commenters either
did not provide any supporting evidence, or provided evidence that was incomplete, not
applicable, or not relevant to an assessment of the cost, effectiveness, and implementation
feasibility in MYs 2022-2025. In particular, the conclusion drawn by the Alliance of Automobile
Manufacturers that “MY?2021 and MY 2025 targets cannot be met with the suite of technologies
at the deployment rates projected by the Agencies in the 2012 FRM” is based on the premise that
the only possible technology available in MY2025 will be represented by technology already
contained in the Draft TAR's MY 2014 baseline fleet, and that technology will not improve in
efficiency. See TSD App. A. In response, EPA disagreed with this assertion, noting that it is not
plausible that the best gasoline powertrain efficiencies of today represent the limit of achievable
efficiencies in the future. 1d. at A.1. Even setting aside the assumption that the best available
technologies today will undergo no improvement in future years (a premise the auto industry has
disproved time and again), the methodology used in the Alliance-contracted study (which was
not peer reviewed) does not even allow for the recombination of existing technologies, and thus
severely and unduly limits potential effectiveness increases obtainable by MY?2025. Id. at A.2.
Further, EPA disagreed with this assumption that the only technology combinations available in
MY 2025 are those that are present in the MY2014 fleet. EPA noted that events had already

% For example, the DeFour Group analysis cited by the Alliance in its comments on the Proposed Determination
alluded to manufacturers of strong hybrids allocating fuel efficiency gains to improved performance or towing
capacity rather than fuel economy (DeFour Group attachment to the Alliance comments, p. 14).
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disproven this assumption and provided, as one specific example, a Ford-introduced 10-speed
automatic transmission on the MY2017 F150 paired with a turbocharged downsized engine
which represents a technology combination that was not previously available and was therefore
not considered (and would be deemed impossible) by the Alliance-contracted study. Id. In
contrast, EPA's Proposed Determination projections of effectiveness through MY2025 included
technology packages that are achievable and cost-effective, but did not exist in the MY2014
fleet. For example, a 24 bar turbocharged downsized engine with cooled EGR, or a high
compression ratio Atkinson cycle engine with cylinder deactivation and cooled EGR paired with
an efficient high speed, high efficiency, high ratio spread transmission. EPA's approach for
evaluating technology effectiveness was and still is based on detailed data for individual
technologies and physics-based vehicle modeling of combinations of technologies. In the
Proposed Determination, EPA stated its assessment that these particular comments by the
Alliance with respect to future technology effectiveness were drawn from an approach that was
overly simplistic, lacked rigor, and therefore did not call into question EPA's determination that
the technology assessment supported the Proposed Determination that the MY 2022-2025
standards remain appropriate. EPA’s detailed response to the Alliance-contracted study is found
in the TSD (Chapter 2.3.3 and Appendix A).

In comments on the Draft TAR, several commenters, including many NGOs, state and local
government organizations, and consumer groups, supported EPA's assessment in the Draft TAR
as a robust assessment of technology availability showing multiple cost-effective paths
(compliance paths more cost-effective than those considered by the agencies in the 2012 FRM)
to comply with the 2025 standards. Some groups believed our assessment to be overly
conservative; for example, the International Council on Clean Transportation (ICCT) expressed
the view that there are some key areas where the Draft TAR analysis "is still somewhat behind
what is already happening in the market,” and the American Council for an Energy-Efficient
Economy (ACEEE) stated that additional technology options are “developing rapidly and are
likely to result in multiple options at least as cost effective as those represented in the agencies’
analysis.” Both ICCT and ACEEE cited examples of technologies that EPA did not model, like
e-boost, variable compression ratio, and dynamic cylinder deactivation, which they stated are
currently undergoing active development and are likely to contribute to cost-effective paths for
compliance in the MY2022-2025 time frame.

Regarding the Draft TAR’s estimated penetration rates of electrified vehicle technologies, the
Alliance, Global Automakers, and several individual automakers commented that more strong
hybrids and electric vehicles would be needed to achieve the standards (MY2025 in particular)
than projected by the agencies. This is the corollary to the comment summarized above that EPA
was overly optimistic in assessing efficiencies and availability of advanced gasoline engine and
other technologies. As described above, EPA responded that the premise underlying this
comment was unfounded, undocumented, and already inconsistent with market developments.
Thus, EPA’s initial response on the issue of amount of electrification needed to comply with the
MY2022-2025 standards continued to be that the standards are achievable using minimal
amounts of strong hybrid and all-electric vehicles.

Building on their premise that more electrification would be needed (which EPA did not
accept), the various auto industry commenters went on to state that sales of hybrid (HEV) and
plug-in electric vehicles (PEV) have fallen due to current low gasoline prices. With gasoline
prices not expected to rise rapidly in the time frame of the Midterm Evaluation, they were
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concerned that they will not be able to sell the vehicles they assert to be needed to meet the
standards. In contrast, comments by Tesla Motors, the International Council on Clean
Transportation (ICCT), Nextgen Climate America, Consumer Federation of America (CFA), and
Faraday Future suggested that consumer acceptance of electrified vehicles is rising rapidly,
especially with longer-range PEVs becoming less expensive. Tesla suggested that EPA should
increase the stringency of the standards to encourage both advanced gasoline technologies and
PEVs. Faraday Future and Consumer Federation of America cited survey evidence that interest is
growing in PEVs, especially among young people. ICCT pointed out that the prospects for PEVs
have improved in recent years, and that many companies are deploying this technology. Nextgen
Climate America said that PEVs can offer greater benefits than assumed in the Draft TAR. The
National Association of Clean Air Agencies also commented, pointing to rapid growth in sales of
hybrid and electric vehicles in the states that have adopted California's Zero Emission Vehicle
program, as well as other states. Given that EPA identified multiple compliance pathways, all
only minimally dependent on use of PEVs, EPA did not consider this debate as weighing
significantly on the subject of the Proposed Determination, viz. whether the standards remain
appropriate (See Section B.1.5.2 of the Proposed Determination Appendix and Sections B.1.5
and C.1.2 of the Proposed Determination Appendix).

OEM commenters also aimed criticism at differences in projected penetrations of individual
technologies between the Draft TAR and the 2012 FRM, characterizing these differences as
evidence that the agencies’ analysis approach was unsound. In response, EPA pointed out that
these differences are not evidence of a flawed analysis but are a natural result of the Draft TAR
having recognized and included innovations and improved efficiencies that occurred since the
2012 FRM, the very sorts of improvements that the Alliance contractor report assumed would
not occur between now and 2025. See Proposed Determination at p. 24. In addition, the
technologies reflected in the Draft TAR and Proposed Determination analyses reflect many of
the technology changes that have been introduced in the fleet since the 2012 FRM. Thus, EPA
would be remiss to not consider these technologies within the context of the MTE. The 2015
NAS report also recognized these important emerging and changing technologies, such as
Atkinson cycle engines and CVTs, and recommended that the agencies consider these
technologies in their future analyses. EPA thus disagreed that such differences in projected
technology penetrations indicate in any way that the analysis and analytic approach were
unsound. On the contrary, the incorporation of new technologies and unforeseen applications
since the 2012 FRM would necessarily influence the cost-effective pathway modeled by EPA.
Id. at p. 25. For example, the application of direct injection Atkinson cycle engines in non-
hybrids, greater penetration of continuously variable transmissions (CVTs), and 48-volt mild
hybridization have all influenced projected technology penetrations, as have developments in
downsized turbo-charged engines, cylinder deactivation, and electrification. EPA also noted the
consistently low level of strong electrification projected in the 2010 TAR, 2011 NPRM, 2012
FRM, and 2016 Draft TAR, as further corroborated by the 2015 National Academy of Sciences
(NAS) study. This consistency has persisted even as EPA's technology assessment and
compliance analysis has undergone many updates and improved in its precision over the past six
years, further supporting EPA's determination that the MY2022-2025 standards remain
appropriate. Id.

Commenters on the Draft TAR also asserted that differences between the 2012 FRM and
Draft TAR with respect to the technologies considered and their projected penetrations suggest
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that the analyses were flawed. For example, the Global Automakers and its members commented
that "the agencies should investigate and document why their previous predictions (from the
FRM) were inaccurate." EPA responded that, in fact, if the differences were inaccuracies, they
only represented the failure to anticipate the success with which the industry has innovated to
increase efficiencies in the intervening years between the FRM and Draft TAR. EPA did not
agree that variations in modeled technology penetrations from the FRM to the Draft TAR were
an indication that the analysis and analytic approach were unsound. EPA further pointed out that
incorporating new technologies and unforeseen applications that had emerged since the 2012
FRM would be expected to have an impact on the penetrations of technologies in the cost-
effective pathway modeled by OMEGA. EPA cited examples such as the application of direct
injection Atkinson cycle engines in non-hybrids, greater penetration of continuously variable
transmissions (CVT), and 48-volt mild hybridization which would all tend to influence projected
technology penetrations. EPA also noted the consistency with which only low levels of strong
electrification were projected in the 2010 TAR, the 2011 NPRM, the 2012 FRM, the 2016 TAR
and the Proposed Determination as evidence that the analyses were robust, and further cited the
2015 National Academy of Sciences (NAS) study which also found that the 2025 standards
would be achieved largely through improvements to gasoline technologies without extensive
electrification.

Regarding the projected penetration of higher compression ratio, naturally aspirated gasoline
engines (Atkinson 2), the Alliance stated in their comments on the Draft TAR that they did not
believe that the projected market penetration of Atkinson 2 technology (at over 40 percent) was
likely or feasible. EPA noted (in part) that the Proposed Determination analysis projected a
reduced penetration of Atkinson 2 (at 27 percent), and that this reduction was the result of
refinements in EPA’s effectiveness modeling that better reflect the relative improvements
allocated to advanced engines and transmissions in powertrain packages. See for example
Section 1V.A.3 of the Proposed Determination at p. 39, and Section C.1.1.3.2 of the Proposed
Determination Appendix at p. A-132. EPA also presented sensitivity analyses, one of which
artificially constrained Atkinson 2 technology to 10 percent penetration. This sensitivity
demonstrated that cost-effective compliance paths using primarily other advanced gasoline
engine technologies continue to exist even under this scenario, at only modestly increased costs
(see Section C.1.2.1.4 of the Proposed Determination Appendix at p. A-144 and p. A-147).
Significantly, even those increased cost estimates remain lower than the agencies projected in the
2012 FRM, which the agencies have already evaluated as being reasonable. EPA provided
rationale for the feasibility of Atkinson 2 including responses to lead time arguments in Section
A.2.3.1 of the Proposed Determination Appendix at p. A-7 and in Chapter 2.3.4.1.8.3 of the TSD
at p. 2-308 to 2-311. Comments relating to lead time for deployment of the Atkinson 2
technology are also discussed in Chapters 2.5.1 and 4.3 of this RTC document.

Summary and Response to Comments on the Proposed Determination

In comments on the Proposed Determination, many NGOs repeated their disagreement with
the prevailing stance of many of the auto industry commenters that the standards are not
achievable with advanced gasoline technologies and would require much higher levels of
electrification than EPA projects. For example, ICCT supported EPA’s Proposed Determination
but continues to believe that EPA’s analysis utilized conservative assumptions for the cost and
effectiveness of many technologies. In addition, the Environmental Defense Fund (EDF)
commented that more stringent standards for MY 2022-2025 are feasible, and shared an analysis
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to support this view. In order to assess the cost and technology penetration implications of
setting more stringent standards, EDF’s analysis, conducted using EPA’s OMEGA model,
includes four scenarios that are 10, 20, 30, and 40 g/mi more stringent than the current MY 2025
target of 173 g/mi. EDF noted that the 20 and 30 g/mi more-stringent scenarios demonstrated
that the standards could be met cost-effectively with the same advanced technology pathways
projected to be utilized in EPA’s analysis of the existing MY2022-2025 standards, and with very
low levels of strong hybrids and electric vehicles. This analysis also indicated that the lifetime
fuel savings benefits to consumers (assuming AEO 2016 reference case fuel prices, as in EPA’s
analysis) would more than outweigh the projected increase in vehicle cost. EPA appreciates this
informative analysis.

In contrast, some industry commenters repeated the suggestion that variations in projected
technology penetrations were evidence that the analyses were unsound.

Global Automakers, The Alliance, and Toyota stated that it was unclear how EPA arrived at
significant changes in technology penetrations between the two analyses, with specific reference
to the reduction in projected Atkinson 2 engine penetration (from 44 percent to 27 percent).

In response, as mentioned above, EPA noted in the Proposed Determination that this
reduction was in part the result of refinements in EPA’s effectiveness modeling that better reflect
the relative improvements allocated to advanced engines and transmissions in powertrain
packages. Another factor was the adoption of a modeled increase in engine displacement of 5
percent to ensure that acceleration performance is not degraded due to knock protection
measures when using regular grade gasoline. This change in EPA’s assessment for Atkinson
technology was in direct response to comments received on the Draft TAR. (See for example
Section 1V.A.3 of the Proposed Determination at p. 39, Section C.1.1.3.2 of the Proposed
Determination Appendix at p. A-132, and Chapter 2.3.4.1.8.1 of the Technical Support
Document at p. 2-298). The change is also discussed in Chapter 2.8 in the discussion of
OMEGA outputs where more context is provided.

BMW stated that EPA underestimated the current penetration of advanced powertrain and
lightweighting in its fleet, saying that BMW has already included these technologies in current
vehicles, and that EPA overestimates the potential for further improvements, leading to the need
for higher levels of electrification, especially in light of lower fuel prices than anticipated in the
2012 final rule. BMW’s general comment is substantively the same as the comments on the need
for greater electrification that the Alliance and other manufacturers made on the Draft TAR, and
our response to those comments in the Proposed Determination applies to these comments as
well. Regarding the specific example BMW gives of their current technology offerings, we
believe we have accurately incorporated BMW?s situation into our fleetwide modeling.

Global Automakers referred to the changes in Atkinson 2 penetration and several individual
manufacturer’s technology costs from the Draft TAR to the Proposed Determination as evidence
of general volatility in EPA’s model, positing that EPA had made “significant revisions in the
course of a few months” and “[t]hese radical changes from one analysis to the other belie the
claim ... that there was a ‘Robust Technical Analysis’...” EPA disagrees, noting that contrary to
the assertion of modeling volatility, EPA’s assumptions of technology package cost-
effectiveness considered in the OMEGA model have remained highly stable between the Draft
TAR and Proposed Determination assessments.
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While the technology types considered and their projected penetrations have indeed changed
over the time span between the 2012 FRM, Draft TAR, and Proposed Determination, these
changes are largely due to the innovation of the automotive industry being reflected in our
updated analyses. Furthermore, even as these technologies and penetrations have changed, the
stability of EPA’s estimated costs for complying with the standards support the conclusion that
there are several viable cost-effective alternative pathways to meeting the MY 2025 standards and
that substantial levels of electrification will not be required. For example, transmission
technology is one example of how competing technologies may evolve due to innovation to
produce parallel options with little difference in cost or effectiveness. While the compliance
costs will tend to be stable due to competition between multiple similarly cost-effective
technologies, when a minor change in cost-effectiveness for one technology does occur (e.g., due
to innovation), the projected penetration of the various competing technologies can change, in
some case significantly. In the 2012 FRM, based in part on input from the auto industry and
other stakeholders, EPA’s assessment was that dual clutch transmissions (DCTs) would provide
a better opportunity for significant improvements in vehicle efficiency than continuously
variable transmissions (CVTs), due to indications that CVTs demonstrated characteristics that
were unacceptable to U.S. consumers. However, since the 2012 FRM, it became clear that early
implementations of DCTs were experiencing some consumer resistance, while CVTs were
becoming well accepted in the market due to ongoing improvements (for example,
improvements to control strategies, such as the implementation of indexed shifting to simulate
the feel of a conventional automatic transmission). As a result, penetration of CVTs had become
much greater than originally expected. In addition, improvements have been made in each type
of automatic transmission such that the relative difference in efficiency between transmission
architectures is rapidly diminishing. EPA believes that the changes reflected in each of EPA’s
analyses are the natural result of our representing in these analyses the continuing innovation in
the light-duty market, and are not indicative of volatility, instability, or unsoundness as some
commenters suggest.

Further, an examination of the cost-minimizing technology pathways also supports the
stability of the assessments. Figure 2-1 through Figure 2-5 below show the curves that define the
cost-minimizing technology package at each level of effectiveness (‘frontier curves’) for small
car, standard car, cross-over utility, sport utility, and pickup truck vehicle classes. In these
Figures, the technology cost-effectiveness estimated by EPA is shown to have generally
improved in the Draft TAR and Proposed Determination (lowered frontier curves) relative to the
FRM assessment, consistent with lower cost and/or higher effectiveness values that were
identified in some cases by EPA when considering additional technologies and updated
information in these most recent assessments. We note in these figures that conventional, non-
electrified gasoline technology packages reside primarily in the region below 45 percent
effectiveness, which is also the range of effectiveness values that will generally enable
manufacturers to achieve the 2022-2025 standards. Within this critical range of effectiveness
values, it can be seen that technology cost-effectiveness has remained within a narrow band
between the Draft TAR and Proposed Determination — a finding that directly contradicts the
commenter’s assertion of “radical changes” that would call into question EPA’s conclusions
regarding the sufficiency of conventional non-electrified technologies. On the contrary, the
consistency between the Draft TAR and Proposed Determination frontier curves shown in Figure
2-1 through Figure 2-5 is a direct indication of the general stability in EPA’s modeling.
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Figure 2-1 Most Cost-Effective Technology Packages Considered by EPA: Vehicle Type 1, Low Power-to-
Weight, Low Road Load Vehicles (Small Car in Draft TAR) w/ 14 DOHC

Figure 2-2 Most Cost-Effective Technology Packages Considered by EPA: Vehicle Type 13, Mid Power-to-
Weight, Low Road Load Vehicles (Standard Car, Vehicle Type 3 in Draft TAR) w/ V6 DOHC
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Figure 2-3 Most Cost-Effective Technology Packages Considered by EPA: Vehicle Type 4, Low Power-to-
Weight, High Road Load Vehicles (Small MPV, Vehicle Type 7 in Draft TAR) w/ 14 DOHC

Figure 2-4 Most Cost-Effective Technology Packages Considered by EPA: Vehicle Type 11, Mid Power-to-
Weight, High Road Load Vehicles (Large MPV, Vehicle Type 9 in Draft TAR) w/ V6 SOHC
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Figure 2-5 Most Cost-Effective Technology Packages Considered by EPA: Vehicle Type 29, Pickup Trucks
(Vehicle Type 16 in Draft TAR) w/ V8 DOHC

One of the main arguments in the comments received on the Draft TAR for why the standards
would have an adverse impact on the industry was reiterated by several manufacturers in
comments on the Proposed Determination; that the standards, although achievable, would require
manufacturers to adopt extensive electrification, resulting in more expensive vehicles — and
emerging technologies — which commenters assert consumers will be reluctant to purchase. As in
comments on the Draft TAR, the conclusion regarding the extent of electrification required
followed logically, in the view of the commenters, from their comments reiterating that EPA was
overly optimistic in assessing efficiencies and availability of advanced gasoline engine and other
conventional technologies. A few manufacturers shared confidential business information
illustrating technology walks, which show the cumulative effects of the application of various
technologies applied to a given vehicle model. However, while the technology walks provided
include some of the same advanced technologies considered by EPA, none of them included a
fuller range of conventional technologies in the combinations described in the Proposed (and
Final) Determination. Some are missing very reasonable vehicle technologies, some are missing
very reasonable engine technologies, and some are missing very reasonable transmission
technologies. Because the example technology walks supplied by the manufacturers don’t
include all technologies in the appropriate combinations, and in some cases don’t include the
appropriate credit values, the examples show a shortfall in achieving the MY2025 CO; targets
(as would be expected) of about 20-40 g/mi depending on the vehicle. This resulting gap
between the EPA and manufacturer-supplied projections would be eliminated if a broader set of
the available technologies described in the Proposed and Final Determination were included in
their analysis and appropriate credit values were used.
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In response, EPA’s conclusion that the standards can be achieved using relatively small
penetration rates of strong hybrid and all-electric vehicles has been reinforced in the Draft TAR
and Proposed Determination assessments with the incorporation of information from the most
recent market implementations of technologies, additional benchmarking data of recent
production vehicles, extensive reviews of the literature, and refined modeling approaches. This
conclusion is also supported by the 2015 NAS study and a number of sensitivity analyses
conducted by EPA that assumed, among other things, significantly less use of the Atkinson
engine technology. See Table ES-1 and the Proposed Determination Section IV.A.3 and
Appendix C.1. Thus, EPA’s response on the issue of the sufficiency of conventional gasoline
technologies and the amount of electrification needed to comply with the MY2022-2025
standards remains that the standards are achievable using very low amounts of strong hybrid and
all-electric vehicles.

While EPA’s assessment in the Proposed Determination of non-electrified technologies
reflect a number of updates since the 2012 FRM and the Draft TAR, EPA incorporated the
details regarding new technology in two different ways. Some technology was updated and fully
modeled and simulated. Other technology changes were identified as supporting of our
conclusions but not fully simulated. For example, while EPA cited information that was
published by manufacturers for several new highly efficient engines that had recently entered
production or were production ready, these data (which included engine maps) were not included
directly in EPA’s effectiveness modeling. In response to stakeholder comments on the Proposed
Determination regarding EPA’s effectiveness estimates for advanced gasoline engine
technologies, EPA has utilized this publicly available information to further corroborate our
assessment regarding the sufficiency of conventional gasoline technologies by showing that
vehicles equipped with these existing gasoline engine technologies, along with improved
transmissions and road load reduction technologies, can support compliance with the MY 2025
targets. The process used by EPA was very similar to that described in a paper published in
2016."

For these technology walks, EPA first selected five production vehicles each from two full-
line manufacturers, which are representative of important vehicle classes: small car, midsize car,
cross-over utility vehicle, sport-utility vehicle, and pickup truck. The vehicle characteristics were
drawn from the MY2015 EPA Test Car List, to ensure that emissions values, test weights, and
road load coefficients were representative of actual tested vehicles without the application of any
adjustment or averaging as may be the case for certification values. The characteristics of these
tested vehicles are described in Table 2-1.

" Kargul, J., Moskalik, A., Barba, D., Newman, K. et al., "Estimating GHG Reduction from Combinations of
Current Best-Available and Future Powertrain and Vehicle Technologies for a Midsized Car Using EPA’s
ALPHA Model," SAE Technical Paper 2016-01-0910, 2016, doi:10.4271/2016-01-0910.
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Table 2-1 Technology Walks with Existing Engines: Baseline Vehicle Specifications

MY 2015 Actual Vehicles
Footprint ETW A Coeff. B Coeff. C Coeff. Rated Horse
(sq. ft.) (Ibs.) (Ibf) (Ibf/mph) (Ibf/mph2) Power
Corolla 44.1 3125 29.834 -0.08450 0.021121 132
Camry 47.2 3500 27.232 0.04319 0.019374 178
RAV4 AWD 44.9 3875 33.417 0.07314 0.026719 176
Highlander AWD 49.0 4750 39.939 0.04131 0.030299 270
Tundra AWD 68.7 5500 37.347 0.63046 0.039122 381
Fiesta 40.8 2875 22.880 0.25500 0.019160 120
Fusion 49.0 3750 18.880 0.30750 0.015990 169
Escape AWD 45.6 4000 25.100 0.42490 0.023360 173
Explorer AWD 52.5 5000 36.190 0.84250 0.022530 290
F150 AWD 68.1 5250 31.040 0.35380 0.036860 365

Next, using the ALPHA model, EPA constructed two independent technology walks for each
of the vehicles with characteristics described in Table 2-1, using data recently published by
manufacturers for two highly efficient gasoline engines. The first technology walk series is based
on Toyota’s published efficiency map for a 2.5L Atkinson cycle engine with cooled EGR.8 The
second technology walk series is based on the published map of Honda’s 1.5L four-cylinder
turbo engine.®

Each technology walk begins with the MY2015 vehicle and sweeps through a series of five
different technology packages:

e The initial technology package in each technology walk includes the efficient gasoline
engine (either the Toyota or the Honda), an existing high ratio spread transmission
(the EPA-benchmarked MY2014 8-speed, or TRX21), and stop-start technology if not
already present on the baseline vehicle.

¢ In the next technology package, the automatic transmission was improved to reflect
future efficiency improvements (TRX22) and improved accessory loads, reduced from
390 to 290 watts consistent with the approach used in the Proposed Determination
assessment.

8 Toyota: Eiji Murase and Rio Shimizu, “Innovative Gasoline Combustion Concepts for Toyota New Global
Architecture,” 25th Aachen Colloquium Automobile and Engine Technology 2016.

°® Honda: Wada, Y., Nakano, K., Mochizuki, K., and Hata, R., "Development of a New 1.5L 14 Turbocharged
Gasoline Direct Injection Engine," SAE Technical Paper 2016-01-1020, 2016, doi:10.4271/2016-01-1020.
(supplemented with data publicly available during the 2016 SAE World Congress).
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¢ In the final three technology packages of the technology walks, increasing levels of
aerodynamic, tire, and mass road load improvements are applied from 10 percent in
the low load reduction case to 20 percent in the high load reduction case.*®

The modeled results of the technology walks are presented below. Table 2-2 shows tailpipe
CO2 values of the modeled packages for the 10 modeled vehicles, while Table 2-3 shows the
difference between these tailpipe CO- values and the footprint target values for the MY 2025
standards. Importantly, Table 2-3 shows that 6 of the 10 vehicles are able to meet or exceed their
respective MY 2025 target values with only low or moderate levels of load reduction based on
the Toyota engine, while 7 of the 10 vehicles are able to meet or exceed target values with
moderate or high levels of road load reduction based on the Honda engine.

Overall, these findings corroborate EPA’s conclusion that the standards are achievable with
primarily non-electrified technologies. First, the fact that roughly half of the vehicles in these
tech walks are able to generate credits in MY 2025 using current engine technology and moderate
road load reduction is indicative of a favorable compliance scenario with fleet average standards
such as these, since not every vehicle in a manufacturer’s fleet would need to meet its individual
footprint target. Second, due to a number of conservative assumptions made when conducting
this technology walk analysis, the opportunity for conventional technologies to contribute to
achieving the standards will likely be even greater than indicated by these results. The first of
these conservative assumptions is the effective double counting of transmission neutral-drag
losses. Specifically, since EPA had not quantified these losses for each specific vehicle, the road
load coefficients were not adjusted, resulting in an average 3 percent greater CO- value for the
10 modeled baseline vehicles than the actual tested vehicles; an overestimation that is likely
propagated to some extent through the subsequent technology packages in each techwalk.
Additional conservative assumptions made by EPA in these techwalks include the assumption
that there will be no further improvements in engine technologies beyond these two existing
engines, and the lack of consideration of off-cycle credits beyond the stop-start credit. In reality,
a manufacturer’s actual compliance opportunities will include the potential for engine
technology improvements beyond those that exist today, the potential for off-cycle credits
beyond stop-start credits, and the potential for some level of mild hybridization. Further, to the
extent manufacturers do choose to apply strong hybridization or electrification, these
technologies can provide a significant compliance benefit at even at low penetration levels.

10 Note that the moderate load reduction case includes 10 percent mass reduction and 20 percent tire and aero
improvements. In each of the low, moderate, and high load reduction cases, improvements are measured relative
the mass, aero, and tire levels assigned to the corresponding vehicles in EPA’s MY2015 baseline fleet. As one
example, since EPA’s PD assessment applies 12.5 percent mass reduction to the baseline F150, additional mass
reduction is not applied in this technology walk for the low and moderate load reduction cases.
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Table 2-2 Technology Walks with Existing Engines: Modeled Tailpipe CO: Values (g CO2/mi)

T |, 5
:=eu g Sco|lcsolTel| £ ,§ § o _E_ o|lgo
8| 8 |23|$2|52| & |2 |22|53|F%
2025 target (g CO2/mi, using 2015 footprint)| 141 151 | 173 188 | 258 131 157 | 176 | 201 | 256
2025 Stop-start off-cycle credits (g CO2/mi) | 2.5 2.5 4.4 4.4 4.4 2.5 2.5 4.4 4.4 4.4
2025 AC credits (g CO2/mi) 18.8 | 188 | 24.4 | 24.4 | 24.4 | 18.8 | 18.8 | 24.4 | 24.4 | 24.4
2015 actual vehicle, per test car list 205 232 268 335 456 216 228 271 362 362
MY2015 modeled 217 239 | 278 | 337 | 465 228 234 | 285 367 | 364
Delta: MY2015 modeled - actual veh 6% 3% 4% 1% 2% 6% 2% 5% 1% 1%
Technology Walk #1: Published Toyota engine, 2.5L Atkinson + CEGR, scaled to vehicle size and performance neutral
+existing 8-speed and stop-start 187 | 201 233 288 | 400 183 194 | 231 | 313 | 331
+trans and accessory improvements 173 184 217 265 369 170 179 216 291 308
+low load reduction 164 | 170 199 | 246 | 340 154 | 169 197 | 267 | 300
+mid load reduction 153 165 190 234 329 148 164 190 258 290
+ high load reduction 146 155 179 | 213 302 140 154 180 | 243 277
Technology Walk #2: Published Honda engine, 1.5L Turbo, scaled to vehicle size and performance neutral
+existing 8-speed and stop-start 191 210 241 295 416 184 202 241 322 346
+trans and accessory improvements 174 194 227 274 384 172 184 226 300 324
+low load reduction 166 179 | 208 | 249 | 351 159 172 | 203 276 | 316
+mid load reduction 155 174 | 199 | 239 | 339 152 167 195 266 | 301
+ high load reduction 147 159 184 | 226 | 315 145 157 183 248 | 282
Table 2-3 Technology Walks with Existing Engines: Gap to MY2025 GHG Target (g CO2/mi)
g |, .
éeu g s g co|lTao| £ § %— o %_ olgeo
8| 3 |22|®P2|52| & | 3 |8Z|52[C%
Technology Walk #1: Published Toyota engine, 2.5L Atkinson + CEGR, scaled to vehicle size and performance neutral
+ existing 8-speed and stop-start -25 -29 -31 -71 | -112 | -31 -16 -26 -83 -46
+trans and accessory improvements -11 -12 -15 -48 -82 -18 -2 -12 -62 -23
+low load reduction -2 2 3 -29 -53 -2 -37 -15
+mid load reduction -17 -42 4 -29 -4
+high load reduction 3 -14 -14
Technology Walk #2: Published Honda engine, 1.5L Turbo, scaled to vehicle size and performance neutral
+existing 8-speed and stop-start -29 -38 -39 -78 | -129 | -33 -24 -36 -92 -61
+trans and accessory improvements -13 -22 -25 -39
+low load reduction -4 -7 -6 -31
+mid load reduction -2 3 -16
+high load reduction 3

Note: Assumes the application of available AC credits and stop-start off-cycle credits shown in Table 2-2. Values in
green indicate numerical CO, values lower than (or approaching) the footprint target GHG values.
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2.2 Effectiveness Modeling and Quality Assurance

2.2.1 ALPHA Model

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Most comments on the Draft TAR that related to the ALPHA model were directed toward
specific ALPHA inputs that EPA used for the analysis, rather than the model itself. Of the
comments relating to the model itself, EPA received positive comments from the Union of
Concerned Scientists, Environmental Defense Fund, NRDC, and others, pointing out the
importance of using a physics-based, full vehicle simulation model such as ALPHA, and
commending EPA’s decision to make ALPHA and all of its inputs fully transparent and freely
available to the public. Other comments on the ALPHA model included suggestions that EPA
use the Autonomie model in place of the ALPHA model, on the grounds that industry is more
familiar with Autonomie. EPA responded (TSD p. 2-268) that commercially available tools such
as Autonomie cannot be made fully transparent and therefore are not the most suitable models to
use for regulatory purposes, where transparency and replicability are critical and highly desirable
elements. An additional comment was received regarding quality control and quality assurance
parameters that can be used to verify the validity of model results in all output files. This topic is
addressed in Chapter 5.3.3.2.3 of the Draft TAR and in the public release of the ALPHA
model.!

Comments from vehicle manufacturers regarding the effectiveness values modeled in ALPHA
for various individual technologies were addressed in the respective subsections of TSD Chapter
2.3.4. Additional comments regarding issues with EPA’s engine sizing and performance were
addressed in TSD Chapter 2.3.1.2, in which EPA further explains our methodology and how this
relates to OEM product realities. Comments from industry regarding top gear gradeability were
addressed in TSD Chapter 2.3.4.2, with the additional discussion that manufacturers are not
currently maintaining top gear gradeability due to the inherent advantages of advanced
transmissions. Accessory load assumptions were also raised in the comments. TSD Chapter
2.3.3.3.6 provided a further discussion of EPA’s use of multiple values of accessory load values
based on the vintage of the vehicle being modeled and how these values were derived from
actual vehicle testing.

Summary and Response to Comments on the Proposed Determination

In comments on the Proposed Determination, NRDC highlighted a key finding of the 2015
NAS Committee, stating that the Committee found that the agencies’ original analysis was
“thorough and high caliber on the whole.” NRDC also cited the position of a member of that
Committee, that the Draft TAR and Proposed Determination analysis is “extremely thorough and
of high caliber since its methodologies are consistent with the NAS recommendations to increase
the use of these approaches” (referring to EPA’s use of full simulation modeling combined with
lumped parameter model, vehicle testing, and tear-down studies).

In reference to the peer review of the ALPHA model, the Alliance noted that the findings of
the peer review were not available until October 2016 (when the peer review was completed and
the report was published), and stated that the comment period on the Draft TAR therefore did not

1 The public release of the ALPHA model is available at: https://www.epa.gov/regulations-emissions-vehicles-and-
engines/advanced-light-duty-powertrain-and-hybrid-analysis-alpha.
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provide stakeholders an opportunity to participate in the review or examine the model. In
response, as indicated in the Draft TAR, all of the materials provided to the ALPHA model peer
reviewers had been publicly posted on the EPA website, including the fully functioning ALPHA
models (see Draft TAR p. 5-256); therefore, interested stakeholders in fact did have an
opportunity to examine the ALPHA model since May 2016 when this information was posted.
Additional fully functioning ALPHA models were publicly posted at the Draft TAR release,
including the engine maps, transmission maps, and complete vehicle information used in the
Draft TAR analysis. Further, in response to the Alliance’s comment that they were not provided
an opportunity to participate in the peer review, in conducting independent peer reviews EPA
follows Science and Technology Policy Council guidelines, which specify that, “The Agency
should not be involved, however, in the selection of individual peer reviewers and should avoid
commenting on the contractor’s selection of peer reviewers other than to determine whether the
reviewers, once selected, meet the qualifications established.”

In reference to the Alliance suggestion in their comments on the Draft TAR that EPA add a
specific set of proposed quality control checking parameters, the Alliance suggested that EPA’s
response in the Proposed Determination was unclear as to whether ALPHA calculates these
parameters, and criticized EPA’s suggestion that stakeholders could modify ALPHA to add such
parameters as desired. In response, we note that ALPHA includes extensive energy auditing
measures which serve as a quality control checking mechanism. The energy auditing topic is
addressed in Chapter 5.3.3.2.3 of the Draft TAR, Chapter 2.3.3.3.3 in the TSD, and in the public
release of the ALPHA model.*?

2.2.2 Lumped Parameter Model (LPM)

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Comments on the Draft TAR regarding the Lumped Parameter Model (LPM) mostly focused
on the applicability of the model and the accuracy of the efficiency results it projects.

The most detailed comments received were regarding the LPM modeling methods, powertrain
efficiency, and quality control (QC) checking. Some comments from vehicle manufacturers s
asserted that EPA’s modeling methods overestimate the effectiveness of technologies at the
vehicle level, and thus underestimate the required penetration rates of advanced technology
required to meet the 2022-2025 standards. Specifically, these comments cite a study by Novation
Analytics, contracted by the Alliance and Global Automakers, and a similar study done at Oak
Ridge National Laboratory. EPA’s response, found in Appendix A of the TSD, provided a
detailed analysis of the shortcomings in the Novation analysis (submitted as an Attachment by
The Alliance in their comments on the Draft TAR), and a clarification on the apparent
misinterpretation by commenters of the conclusions of the Oak Ridge study. Among the
deficiencies there noted, the Novation study assumes a priori that the MY2014 powertrain
efficiency will define maximum achievable efficiency. Among other things, this assumption
ignores possibilities of combinations of existing technology packages and subsystems, as well as
likely technological improvements. The analysis, for example, failed to account for such
technological developments that have already occurred, such as 24 bar turbocharged downsized
(TDS) engines, cooled exhaust gas recirculation (CEGR), or the high expansion ratio Atkinson

12 The public release of the ALPHA model is available at https://www.epa.gov/regulations-emissions-vehicles-and-
engines/advanced-light-duty-powertrain-and-hybrid-analysis-alpha.
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cycle engine with cEGR. These comments further stated that the LPM should incorporate “key
vehicle and powertrain parameters which determine powertrain efficiency,” by which the
commenters mean accounting for the engine displacement and power in relation to the energy
expended over the test cycles. These comments were addressed in TSD Chapters 2.3.3.2 and
2.3.3.5.4, which explained how the Proposed Determination included consideration of the
powertrain efficiency metric as a quality control (QC) tool. Further comments about adopting
QC checks to determine the plausibility of results are addressed in TSD Appendix B, which
explained how EPA adopted an additional layer of QC check based on powertrain efficiency, as
suggested in the comments.

EPA also received comments questioning how the LPM accounts for the baseline efficiency
of vehicles. These comments are addressed in TSD Chapter 2.3.3.5.1, which further explains
how the baseline vehicle technologies are fully accounted for in the analysis. It should be noted
that this comment relates to identifying a proper regulatory baseline, rather than to the Lumped
Parameter Model itself. The LPM identifies incremental improvements to that baseline.
Comments received on the Draft TAR and Proposed Determination regarding the baseline fleet
are reviewed in Chapters 2.7, 2.7.1, and 2.7.2 of this RTC document.

Summary and Response to Comments on the Proposed Determination

As previously stated with respect to the ALPHA model, the NRDC comments listed the LPM
as one of the modeling approaches that the NAS Committee recommended for continued use in
combination with full vehicle simulation.

The American Council for an Energy-Efficient Economy (ACEEE) commented, “For the PD,
EPA undertook substantial additional analysis to further investigate those topics. In order to
capture variations in power train technology effectiveness, EPA i) altered its vehicle
classification to reflect variations in power-to-weight ratio and road load power and ii) used a
power-to-weight correction factor within each class to adjust the effectiveness values produced
by the lumped parameter model before those values were input to OMEGA. To address the QC
point, EPA backed out power train efficiency for a representative set of vehicles in the
compliance package and found that the resulting efficiencies were in fact reasonable. The
agency’s results support the conclusion that the 2025 compliance scenario presented in the PD is
plausible.”

The Alliance asserted that EPA failed to adequately document the steps taken to calibrate the
LPM, did not provide the executable version, and did not provide clear directions for use of the
spreadsheet version of the LPM. FCA reiterated its position that the LPM should be verified in
some way with real-world data, and suggested that the lack of this verification makes it more
critical that EPA should fully document the steps that were taken to calibrate the LPM.

The method for calibrating the LPM is basically unchanged from the 2012 FRM, although the
inputs used to calibrate the LPM have been continuously refined based on the latest available
data. For the 2012 FRM, the LPM was calibrated using data from multiple rounds of full vehicle
simulation from Ricardo, under contract to EPA, along with real world data and other sources
such as the National Academy of Science reports. For the Draft TAR, the ALPHA full vehicle
simulation model was introduced to provide an additional level of detail and transparency to
EPA’s analyses. Transparency and underlying technical details were also increased through the
addition of engine, transmission, and vehicle benchmarking still relying on the LPM to
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differentiate vehicle types. For the Proposed Determination analysis, the ALPHA model
provides the calibration data across all vehicle types, and moves the LPM into a simpler role of
providing effectiveness values between ALPHA and OMEGA. In addition, in response to
comments from the Alliance on the Draft TAR, the Proposed Determination analysis further
differentiates individual vehicles using the particular characteristics of each baseline vehicle to
expand upon the resolution provided by the ALPHA calibration data. The calibration of the
LPM is described in Chapter 2.3.3.5.2 of the TSD. The description of the ALPHA full vehicle
simulation model along with the real-world data used to calibrate ALPHA is described in
Chapters 2.3.3 and 2.3.4 of the TSD. Over 100 ready-to-run ALPHA models used to tune the
LPM are available at the EPA ALPHA website.!® Contrary to the Alliance’s comments, EPA
believes that the information provided in the TSD adequately describes the function of the LPM
as well as how the LPM output represents incremental effectiveness.

The executable version of the LPM has never been used in the OMEGA analysis and was
originally provided with the FRM as an aid for stakeholders to build OMEGA packages resulting
in effectiveness values derived from the Ricardo simulations. As the LPM has expanded in
scope since the Draft TAR, this tool would require the user to have specific knowledge to
provide specific inputs that is well beyond the original simple intent of the tool and therefore is
no longer supported. The appropriate reference files to examine OMEGA technology packages
and LPM output are contained in the master set and machine files located in the OMEGA pre-
processors.'* These files were available at the time of the Draft TAR and Proposed
Determination releases, and contain several hundred thousand technology combinations across
all vehicle types, providing all possible technology packages considered in the OMEGA process
without any user input required.

FCA revisited comments received by EPA on the Draft TAR, originally made by Global,
regarding the ability of the LPM to predict the CO2 emissions of vehicles from the MY2014
fleet. EPA had responded in part that the LPM should not be expected to predict absolute CO-
emissions because it is not designed for that purpose.

As discussed in TSD Chapter 2.3.3.5, the LPM does not predict the absolute CO, emissions
for specific vehicles in the baseline fleet. During preprocessing for the Proposed Determination
OMEGA analysis, the LPM used results from the ALPHA full vehicle simulation model to
estimate a specific net effectiveness value for each of the specific technology packages that
OMEGA will be using for its analysis. For each baseline vehicle in its analysis, the OMEGA
model starts with the vehicle’s actual certified CO. value and applies the net effectiveness value
for the specific technology package applied to that vehicle to arrive at an estimate of the
improved vehicle’s CO2. This process has not changed since the 2012 FRM.

Docket memo EPA-HQ-OAR-2015-0827-5918 describes additional documents that were
publicly available in support of the Proposed Determination detailing inputs used in the ALPHA
full vehicle simulation model. These models and their inputs (engine maps, transmission maps,
road loads, etc.) are completely transparent for examination and further analysis by stakeholders.

13 The public release of the ALPHA model is available at https://www.epa.gov/regulations-emissions-vehicles-and-
engines/advanced-light-duty-powertrain-and-hybrid-analysis-alpha.

14 The cited materials can be found at: https://www.epa.gov/regulations-emissions-vehicles-and-
engines/optimization-model-reducing-emissions-greenhouse-gases.
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Global Automakers commented on what it describes as an error in the LPM that causes EPA’s
projected CO; savings for vehicles of different sizes to be the same when the same technology
combinations are applied, which Global characterized as evidence of an error, on the grounds
that large vehicles would be expected to show a greater CO> reduction than smaller vehicles.
Global cited the specific example of the combination of Atkinson 1 with cylinder deactivation,
going on to say that the raw data provided as part of the Proposed Determination suggested that
this “error’ went uncorrected from the Draft TAR.

In response to the comment by Global Automakers, the Atkinson 1 engine technology is
reserved for strong hybrid applications, and cylinder deactivation is not considered as an option.
The Atkinson 2 engine technology used in advanced powertrain technology packages considers
cylinder deactivation. The master set file cited in the comments submitted
(MS_Control_in2025AB_20161118 icm_aeoR) does not contain the technology combination of
Atkinson 1 and cylinder deactivation, and therefore would not be considered in the OMEGA
analysis. EPA agrees that vehicles with a higher power-to-weight ratio will typically result in
more effectiveness for a given package of technologies. Consider the following technology
package in the same file (MS_Control_in2025AB_20161118 icm_aeoR), similar to many
vehicles in the 2015 baseline:

LUB+EFR1+LRRT1+IACC1+EPS+Aerol+LDB+DCP+WR5%+TRX11

When this technology package is applied to a lower power-to-weight ratio vehicle (Type 1),
the effectiveness improvement is 20.7 percent. This same technology package applied to a
higher power-to-weight ratio vehicle (Type 15) has an effectiveness improvement of 23.7
percent. These effectiveness improvements apply to the exemplar vehicles for these vehicle
types and are further adjusted based on the characteristics of the individual baseline vehicles, as
described in TSD Chapter 2.3.3.2.

2.2.3 Quality Assurance / Plausibility Checks, ALPHA-LPM Calibration

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Some comments received on the Draft TAR were critical of the processes used by EPA to
assure the reliability and accuracy of the modeling tools. In a contracted study referenced in The
Alliance comments, Novation Analytics stated that “[N]o procedure or methodology is currently
in place to check the outcomes of the [LPM’s] technology effectiveness projection process
against logical efficiency metrics and limits. Without such checks, the outcomes can exceed
plausible limits” (pg. 44, Alliance comments). In the Proposed Determination, EPA responded
that it did not agree that the processes used in the previous FRM and Draft TAR assessments did
not involve plausibility checks. The LPM had been calibrated to, and was bounded by, the
physics-based full vehicle simulation model results. It was not used to predict anything beyond
the bounds of these fundamental inputs. As described in Appendix A of the TSD of the Proposed
Determination, EPA considered each of the three metrics proposed by the Alliance and did not
find any of them to be appropriate for use as plausibility checks of technology effectiveness. At
the same time, we acknowledged that quality assurance processes are important for ensuring the
validity of any modeling, and EPA adopted the use of the powertrain efficiency metric as a
quality assurance tool for the Proposed Determination as described in TSD Chapter 2.3.3.5.4 and
Appendix B of the TSD.
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Summary and Response to Comments on the Proposed Determination

EPA received multiple comments on the discussion in Appendix A of the TSD which
addressed the technology effectiveness studies undertaken by the Alliance’s contractor, Novation
Analytics. The comments submitted by the Union of Concerned Scientists (UCS), the
International Council on Clean Transportation (ICCT), and the American Council for an Energy-
Efficient Economy (ACEEE) generally concur with EPA’s analysis that was presented in
Appendix A of the TSD, and with the conclusion that the additional plausibility limits
recommended by Novation were not justifiable. The comments received from the Alliance of
Automobile Manufacturers (Alliance), the Association of Global Automakers (Global), Toyota,
and Novation Analytics were more critical of EPA’s consideration of the Novation work in the
Proposed Determination. These commenters expressed the view that EPA did not provide
sufficient explanation in the Proposed Determination for dismissing the plausibility limits
recommended by Novation. Both Global and Novation commented that the methodologies used
in the EPA and Novation work were fundamentally the same, and that EPA had improperly
characterized Novation’s methodology. These comments, while extensive, primarily offer
criticisms of EPA’s analysis and conclusions in the TSD Appendix A regarding the Novation
studies and do not provide new information. They do not persuade EPA to alter our previous
conclusion to not accept the recommended plausibility limits. We address the particular concerns
raised in their comments below.

Differing Use of Key Concepts and Terminologies: The comments from Novation
Analytics and the methodologies in their earlier studies use certain critical concepts differently
from EPA, as well as in an inconsistent manner, making it difficult at times to assess or respond
to them in detail. Specifically, the comments borrow some of EPA’s terminology but appear to
define or refer to certain key concepts differently compared to how EPA defined or referred to
them in the TSD.

Consistent use of conceptual terminology is vitally important in discussing and describing the
modeling analysis and results that are fundamental in the MTE. Novation expresses
disagreement with EPA’s assessment in the TSD of the critical flaws in their studies. Novation
comments that their technical approach to characterizing technology package effectiveness is
fundamentally the same as EPA’s, and “by criticizing Novation, EPA is calling into question its
own approach.”

EPA disagrees that its modeling approach is the same as Novation’s, and believes instead that
the differing conclusions of the Novation study are largely premised on a misuse of key concepts
and terms as applied in engineering models of vehicle operation. In particular, the concepts in the
Novation materials represented by the terms “maps” and “full-vehicle simulation” are
significantly different from the same language and terms used in EPA’s technical assessments,
leading to divergent results.

Novation uses the term “map” to mean a representation of the efficiency of a powertrain type
(defined as the ratio of vehicle tractive energy to the fuel energy used) over a test cycle as a
function of displacement specific operating load (a measure of powertrain sizing). EPA uses a
variety of maps in its modeling process, but most commonly EPA uses the term “map” to refer to
a representation of the efficiency of an engine (defined as the ratio of engine work out to fuel
energy in) as a function of operating speed and load applied, with subsequent accounting in the
full-vehicle simulation for the interaction with other components (including, critically, the
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transmission). Novation has explicitly stated in public descriptions of the ENERGY software
used in its contracted work for the Alliance that the model does not include engine fuel maps,
transmission shift strategies, or alternator maps that would be necessary to model technology
combinations that are not currently available for physical testing. As the term is used by
Novation, powertrain efficiency “maps” are unable to model component level improvements and
alternative component combinations beyond those that exist today, unless some adjustments are
made to incorporate input from component maps of the type used in EPA’s full vehicle
simulation to account for future engine, transmission, and other component technology. Novation
has provided no indication that the Alliance-contracted work employs these component-level
“maps” as defined and used by EPA in its TSD.

Novation uses the term “full-vehicle simulation” to mean the combination of a time-step road
load simulation with a powertrain efficiency map to estimate the fuel energy consumed over a
test cycle. Novation states that its road load analysis “does not impose arbitrary constraints, and
thus the simulation enables the adoption of future levels of road load improvements that may not
exist in the fleet currently.” However, as explained above, the constraints imposed by Novation’s
limited use of powertrain efficiency “maps” preclude the consideration of technology
improvements beyond the components and combinations that exist currently, and as a result, the
results of Novation’s full-vehicle simulation are predisposed to be artificially over-constrained.
EPA uses the term “full-vehicle simulation” to mean a time-step simulation of engine,
transmission, and accessory component maps, together with component interaction models and a
road load model to estimate the fuel energy consumed over a test cycle. By modeling individual
components and their interactions, EPA has applied the ALPHA full-vehicle simulation to model
both vehicle-level performance of technology packages that exist today, as well as those that are
expected to be available in the future.

In summary, EPA believes it is inappropriate to replace its analysis of the future fleet of
vehicles with an analysis limited by the constrained modeling concepts implemented by
Novation, as described above, because such an approach inherently would produce results that
ignore both appropriate recombinations of current technologies and any future development, and
show powertrain efficiency values which are constrained by the efficiency of current production
powertrains. Even with the subsequent application of road load reductions by Novation
(constrained to the levels projected by EPA in the FRM), the analysis conducted for the Alliance
was predisposed to show a shortfall in the ability of conventional technology to meet the
MY 2025 standards. However, the inconsistent meaning and use of terms and concepts in
Novation’s comments make it difficult to compare their analysis to the methodology used in
EPA’s work.

General Material: In comments on the TSD, Novation Analytics stated that EPA’s
discussion in Appendix A of the TSD was “largely based on blogs®!® rather than fact-checked
and peer-reviewed sources.” This comment seems to imply that EPA did not perform its own
technical assessment of the Novation Analytics work. This assertion is incorrect. The discussion
of the Novation Analytics work detailed in Appendix A of the TSD consists of EPA’s own

15 David Cooke, “Five Deceptive Tactics Automakers Are Using to Fight Fuel Economy Standards,” July 13, 2016,
Union of Concerned Scientists, http://blog.ucsusa.org/davecooke/automakers-fuel-economy-standards.

16 Alam Baum and Dan Luria, “Why We Believe the Auto Alliance Review of Fuel Economy Standards Misses the
Mark,” July 6, 2016, Ceres, https://www.ceres.org/press/blogposts/auto-alliance-review-misses-the-mark/.
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analysis of Novation’s reports, which were submitted by the Alliance in support of their
comments on the Draft TAR, and previous briefings by the Alliance and Novation Analytics to
the EPA. EPA expressed the view that its position was further supported by the fact that other
parties such as UCS and Ceres independently came to similar conclusions about the Novation
reports (as expressed via their official blogs). EPA notes that comments submitted on the
Proposed Determination by UCS, ICCT, and ACEEE generally concur with the analysis that was
presented in Appendix A of the TSD.

The Association of Global Automakers commented that “[b]y using the same inputs and basic
methodology as EPA, Novation should have come to the same conclusions concerning the
technological feasibility of the MY2022-2025 standards [as EPA did].” In response, EPA agrees
that if Novation had actually used the same inputs and the same basic methodology, this would
be the expected result. However, Novation did not do so. Instead, they “performed the study
using a ‘top-down’ analysis, which evaluates scenarios using the overall energy conversion
efficiency of the powertrain system” in contrast to “starting with a baseline performance value
and adding percentage changes expected for a given technology as would be done in a ‘bottom-
up’ study” as the EPA performed.”?” Thus, not only was the modeling methodology used by
Novation different from EPA’s, but also the required inputs used by Novation were different. It
is clear that the Novation reports did not use “the same inputs and basic methodology as EPA” as
Global contends.

ICCT also commented on the Novation studies, stating, “[o]verall, it should be noted that a
‘top-down’ analysis such as that offered by Novation should cast doubt on a detailed, simulation-
based analysis such as that conducted by EPA only to the extent that the top-down analysis
demonstrates that the simulation-based approach violates fundamental principles. The Novation
report does not make any such demonstration, but rather imposes artificial constraints on how far
and how fast technology can advance.” EPA agrees with ICCT’s assessment.

Both UCS and ACEEE commented on the Alliance’s use of Novation’s study to support their
contention that “conventional powertrains will likely not displace the need for more
electrification.”'® UCS and ACEEE disagreed with the Alliance’s conclusion, with UCS
commenting that “[i]n fact, the [Novation] report identifies two different scenarios where
manufacturers would be able to comply with the 2025 regulations using conventionally powered
vehicles,” and that “these scenarios are generally consistent with EPA’s technology pathways by
deploying 24-bar turbocharged engines, stop-start, and high-ratio transmissions.” ACEEE further
comments that “given Novation’s failure to properly account for technology advances, [this
result] supports the conclusion that more stringent standards than those in place for MY 2022-
2025 could be achieved.”

In an introduction to their comments on the Proposed Determination, Novation advances two
reasons for disagreeing with what it characterizes as EPA’s main argument:

“EPA's main argument is that Novation simply assumed MY2014 technology and levels of
powertrain efficiency, making no consideration for powertrain and vehicle load technology
advancements. On the contrary, the Novation studies assumed: (1) The same powertrain

17 Fleet-Level Assessment, p.7.
18 Alliance of Automobile Manufacturers Comments on Draft Technical Assessment Report, EPA-HQ-OAR-2015-
0827-5711, p. iii.
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technology pathways published in the FRM, which included aggressive turbocharging with
engine displacement downsizing, high efficiency and high ratio spread transmissions, stop-
start, and multiple levels of electrification. (2) The same vehicle load reductions published in
the FRM, which included aerodynamic drag and tire rolling resistance reductions of up to
20% in addition to mass reductions of up to 10%.”

In response, Novation’s comment both misstates EPA’s responses in the TSD and confounds
different aspects of their own work. On the first point, Novation considered a number of
powertrain “technology bundles,” some of which do not exist in the MY2014 fleet (for example,
27 bar turbocharged engines with high ratio spread transmissions and stop-start). However,
Novation confounds their inclusion of these technology bundles with their failure to properly
assess potential technological advancement within each technology bundle. Within each bundle,
Novation simply assumed, without providing substantiation, that the average powertrain
efficiency in the future will be tied to the efficiency distribution within the MY2014 fleet, and
improvements within a technology bundle are due strictly to “learning.” In fact, there are
multiple individual sub-technologies that can be applied to a powertrain which do not change its
“bundle” as defined by Novation, but do increase the powertrain efficiency — for example,
Atkinson or Miller cycle engines. The Novation process ascribes powertrain efficiency
improvements due to the incorporation of additional technologies not as quantifiable advances,
but as progression along a statistical “learning” curve.

However, all combinations of sub-technologies do not exist in the MY 2014 fleet, and thus
potential powertrain efficiency improvements exceed what is currently in the fleet. The statistical
representation used by Novation for each technology bundle, which is tied to the efficiency of
existing combinations in the MY 2014 fleet, thus systematically underestimates potential future
improvements due to new technology or recombinations of technologies already included in the
powertrains within the bundle. This artificial limitation on technology improvement within each
bundle was what was noted by EPA in the TSD as a fundamental inadequacy of the Novation
study, not the existence (or lack thereof) of downsized turbocharged engines in Novation’s
studies.

On the second point, Novation again misstates EPA’s discussion in the TSD. EPA pointed out
that Novation did not consider changes in the penetration rate of vehicle load reductions
published in the FRM, specifically in the portion of their analysis where it would be appropriate
to do so. Moreover, Novation confounds the separate sections of their own analysis: EPA
acknowledges that when Novation attempted to evaluate EPA’s projected powertrain efficiency
numbers, they appropriately maintained EPA’s projected vehicle load reductions. However, this
was not the point made by EPA in the TSD. EPA noted in the TSD that Novation did not
consider changing the projected vehicle load reductions (or other non-powertrain aspects) in the
latter part of their analysis where it would be appropriate to do so. Specifically, rather than
consider possibly cost-effective decreases in road loads when evaluating “alternative technology
deployment pathways that could allow the fleet to comply with the agencies’ future model year
standards,”*® Novation unnecessarily maintained EPA’s projected vehicle load reductions and
considered only more advanced powertrain technology such as costlier HEV or BEV packages.
By not considering additional vehicle load reductions as part of the alternative pathway, the

19 Novation Analytics, Technology Effectiveness — Phase I: Fleet-Level Assessment, version 1.1, prepared for the
Alliance of Automobile Manufacturers & Association of Global Automakers, October 19, 2015, p.64.
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analysis is predisposed to require more expensive powertrain technology and therefore project
higher costs and higher levels of technology usage.

Both of these comments are considered in further detail below.

Constraints on Technology Combinations: In Appendix A of the TSD, EPA stated that the
methodology in the Novation report essentially assumes “that all possible technology available in
2025 can be represented by technology already contained in the MY 2014 baseline fleet.” In their
comments, Novation disagreed with EPA’s characterization, stating that they “used the current
powertrains as a foundation upon which it added the technologies assumed by the FRM.”
Furthermore, they stated, “[t]his is fundamentally the same process that the agencies use:
measure the performance of current production powertrains and powertrain components to
establish a baseline, then add those technologies and technology combinations that do not exist
in the fleet today. The difference is simply system-level analysis versus component-level
analysis.”

However, this is an example of where Novation inappropriately uses similar terminology to
refer to different concepts in an attempt to draw a parallel between their process and EPA’s. In
fact, the specifics of the Novation process bear little resemblance to processes used by EPA, and
their reference to a “system-level analysis versus component-level analysis” merely attempts to
mask the fact that Novation’s process systematically fails to account for the existence (and
effect) of sub-technologies within their technology bundles, and thereby tends to under-predict
potential improvements in technology effectiveness.

When EPA adds technologies to the baseline fleet, EPA uses multiple data sources, as
described in Chapter 2 of the TSD, to determine effectiveness values for specific technologies
alone and in combination, including some combined powertrain packages that do not exist in the
fleet today (although most or all of the individual sub-technologies do exist). These individual
technologies include, for example, variable valve lift and timing, Atkinson cycle engines, engine
friction reduction, early torque converter lockup, gearbox efficiency improvements, and others.

In contrast, when Novation adds technologies to the baseline, they consider only broad
categories of powertrain technology “bundles” (see Novation Comments at pp. 6 and 7), and set
the efficiency range of these bundles such that the 50" percentile of powertrain efficiency
represents current fleet efficiency levels.?° The potential existence of sub-technologies such as
Atkinson cycle engines, engine friction reduction, early torque converter lockup, or gearbox
efficiency improvements is not represented. This failure to consider the individual effects of
known technologies is a critical and inherent shortcoming of the report.

In their comments, Novation points out, as evidence that their report accounted for technology
advancement, that they included in their analysis “powertrain combinations [which] are not in
production,” specifically “advanced spark-ignition (SI) based powertrains [i.e., 24 bar
turbocharged / downsized engines with cooled EGR] with high ratio spread transmissions and
stop start.” While true, this comment confounds the mere existence of powertrain bundles not in
the fleet with the ability to account for additional technology added within a powertrain bundle —
or more precisely, with the a priori methodological choice not to consider such technology
additions. This necessarily leads to an underestimation of efficiency, as noted above.

20 Fleet-Level Assessment, p.48.
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In fact, Novation’s process ensures that the powertrain efficiency of “future” powertrain
bundles are tied to the specific sub-technologies that are included in those bundles in the
MY 2014 fleet. For example, under the Novation methodology, a naturally aspirated engine, high
ratio spread transmission bundle would never be modeled with the combination of Atkinson
cycle, engine friction reduction, cooled EGR, early torque converter lockup, and gearbox
efficiency improvements, simply because that combination does not exist in the MY2014 fleet.
However, there is no inherent reason why manufacturers cannot build such a package if they
choose, and so the restriction in Novation’s modeling artificially leads to lower estimates of
potential powertrain efficiency improvement.

In like fashion, both the Association of Global Automakers and Toyota provided similar
comments relating to EPA’s criticism of Novation’s methodology. Global stated that the
criticism “misses the point of Novation’s work, which was in part to assess EPA’s contention
that CO» targets can be met through advancements to the current internal combustion engines.”
Toyota claims that Novation’s study includes “powertrain efficiency distributions and
deployment scenarios [which] are mechanisms that account for technology advancement.”

However, like the original reports authored by Novation, these comments confound an
assumed advancement along a statistical curve due solely to “learning and implementation
improvements”2! with the incorporation of specific advanced technologies into a vehicle
powertrain. EPA’s analysis accounts for the effects on efficiency attributable to each sub-
technology, and assumes that manufacturers will adopt the technologies of their choice as
needed. In contrast, the Novation methodology simply assumes, a priori, that powertrain
efficiency in 2025 is limited to small incremental improvements over that which is available
today, regardless of available combinations of sub-technologies. In their comments, UCS, ICCT,
and ACEEE agree with EPA’s assessment of the Novation methodology, with ACEEE
commenting that Novation “assumes a given technology can be no more efficient on average in
2025 than the best implementations of that technology in 2014. This is an arbitrary constraint
that clearly does not apply for all technologies.”

In Appendix A of the TSD, this inappropriate confounding of advancement along a statistical
curve with the incorporation of specific advanced technologies was discussed, presenting the
example of vehicles with Atkinson cycle engines or engines with cylinder deactivation, which
would presumably be included primarily within a bundle of SI naturally aspirated engines,
coupled with a non-high ratio spread transmissions and without stop-start.

In their comments, Novation responded that they were “requested to consider” only vehicle
packages used in the FRM, and “not alternative powertrain technologies that EPA may now be
evaluating (Novation comments p. 7).” EPA acknowledges that Novation may have been
following the request of the contracting organizations, the Alliance and Global, in not explicitly
considering the effect of Atkinson engines or cylinder deactivation technologies. However, such
direction to Novation does not mean EPA should disregard the resulting limitation in Novation’s
work product. It is indisputable that Atkinson engines and cylinder deactivation exist in the MY
2014 fleet, yet the Novation methodology does not account for these actual technologies, instead
lumping all powertrains into generic groups and mistakenly attributing the actual differences in
powertrain efficiency due to advanced technology as “learning and implementation

2L Fleet-Level Assessment, p. 78.
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improvements.” This lack of accounting for real technology, whether or not included in the
FRM, underscores the flaw in Novation’s methodology.

Furthermore, in their comments, Novation states “the LPM, on which most of Novation’s
analysis was focused, describes powertrains by broad technology packages ... In the Proposed
Determination, EPA continues the practice of defining powertrains as broad technology
packages; hence, by criticizing Novation, EPA is calling into question its own approach.” This
mischaracterizes the usage of the LPM and again highlights the flaws in Novation’s approach to
package building. EPA’s technology packages are combinations of specific technologies, where
the effect on CO2 emissions of each sub-technology is accounted for in the aggregate package. In
contrast, Novation’s technology bundles include powertrains incorporating a range of different
technologies, and all powertrains in the bundle are assumed to have an equivalent level of
technology. For example, as noted in the TSD and above, the Novation analysis would class
Atkinson cycle engines or engines with cylinder deactivation along with other naturally aspirated
engines, with no differentiation.

Responding to criticism of a lack of technical rationale for using a CI (diesel) engine as a
“proxy” to represent a 27 bar SI (gasoline) engine, Novation states (p. 8) that in their approach,
“the key attributes that allow diesel engines to achieve higher efficiencies than current spark-
ignition engines... are the same benefits that EPA was claiming for the direct-injected, dilute, and
highly boosted engines that served as the foundation of the FRM.” Although EPA agrees that the
use of CI engine efficiency to represent a 27 bar Sl engine is directionally correct, the context of
these comments highlights the differences between the EPA analysis and the approach used by
Novation in their studies. Rather than rely on superficial similarities between engine
technologies to estimate engine efficiencies as Novation does, EPA evaluates the SI engines
themselves. Consequently, there is no need to rely on a proxy engine of a different type and
results in a more robust analysis.

Vehicle Load Penetration Rate Changes: In Appendix A of the TSD, EPA noted that the
Novation study did not examine the effect of potential changes in vehicle load reduction
penetration rates, even in circumstances where it is clearly appropriate to do so. In comments
referring to this discussion, Novation states that their study “assumed the same mass,
aerodynamic drag, and tire rolling resistance reductions as assumed by the agencies in the FRM.”
However, this comment confounds the consideration of changes in vehicle load reduction
penetration rates with incorporation of vehicle load reduction as a technology at all.

Novation states that their objectives in the studies were “to evaluate the sustainability of the
FRM powertrain effectiveness assumptions, not the vehicle load assumptions.” A comment by
the Association of Global Automakers made a similar point. However, the Novation report goes
beyond simply evaluating powertrain effectiveness assumptions. Novation also uses their
analysis to model “alternative technology pathway scenarios,”?? where they seek to quantify the
technology penetration mix required to meet the MY2021 and MY 2025 standards in an
alternative compliance scenario where powertrain technology effectiveness is lower.

Novation further states in their report that the entities commissioning the report, the Alliance
and Global, specifically requested this analysis be done “given the levels of vehicle energy

22 Fleet-Level Assessment, p. 64.
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reductions forecasted by the agencies,”?® which narrowed the focus of the study to powertrain
efficiency requirements only, and disallowed consideration of changes due to additional vehicle
load reductions. In response, EPA notes that potential changes in vehicle load reduction
penetration rates can reduce the need for addition of other technologies — particularly HEV and
BEVs — in the alternative technology pathway scenarios proposed by Novation. The decision to
omit vehicle load penetration rates from consideration thus leads to projections of a greater need
for relatively costly powertrain technology additions.

As further support for its decision to hold road load reductions constant, Novation suggests
that EPA keep also kept its vehicle penetration rates constant across the fleet in its analysis,
saying “in both the TAR and Proposed Determination documents, EPA uses the same, generic,
assumptions for [reduction in mass, aerodynamic drag, and tire rolling resistance] as it did in the
FRM. Again, by criticizing Novation, EPA is calling into question its own assumptions.”
However, it is not the case that EPA kept its vehicle penetration rates constant.

Novation’s statement appears to confound discrete levels of reduction in vehicle load
parameters and overall penetration rates of these technologies into the fleet. For example, when
building future vehicle packages, EPA assumes, as a modeling convenience, discrete levels of
reduction in mass, aerodynamic, and rolling resistance loading. These levels have remained the
same since the FRM. However, EPA’s OMEGA model assumes that manufacturers will choose
the most cost-effective technologies throughout their fleet to comply on a fleet-wide basis. When
technology cost or effectiveness numbers change based on stakeholder input, the penetration
rates of specific technologies, including vehicle load reduction technologies, can also change.
Thus, although EPA has kept the definition of vehicle load reduction levels constant, that does
not mean EPA has kept vehicle load reduction penetration rates constant across the fleet, as
Novation erroneously states. This is another example of a significant difference between the
Novation Analytics analysis and the EPA analyses; EPA applies technology in packages with
increasing content where individual technologies have been modeled with high fidelity. Changes
in road load result in significantly different engine and transmission operation, which affects the
overall effectiveness of the entire technology package. EPA believes that this process best
reflects how manufacturers design and develop vehicles to optimize the efficiency of the vehicle
as a system.

Plausibility Checks: In their comments, Novation states that “plausibility checks show
individual vehicle simulations from the FRM that had cycle average efficiencies that were higher
than the peak engine efficiency of the best engine maps used in the FRM, which is an impossible
outcome.” EPA agrees that average cycle efficiencies exceeding peak engine efficiencies is
impossible, but more importantly EPA has examined the average cycle efficiencies of the
packages used in the TSD and found no such cases. In fact, the vast majority of the technology
packages applied in the PD central analysis for 2025 have average cycle efficiencies no more
than 84 percent of the peak engine efficiency, and no applied technology packages have average
cycle efficiencies more than 92 percent of the peak engine efficiency.

In the TSD Appendix A, EPA referenced an article by the Union of Concerned Scientists
which claimed that one current production vehicle, a Honda Fit, would be deemed implausible
by the Novation methodology. In their comments, Novation disagrees, stating “Novation would

2 Fleet-Level Assessment, p. 64.
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not deem the Honda Fit implausible. The MY2016 Fit is within the best 1 percent of SI-based
powertrains, having a combined efficiency of 25.5 percent; yet, it is 12 percent below the stated
plausibility limits established by Novation Analytics.” EPA acknowledges that Novation’s
calculation of the Honda Fit powertrain efficiency is correct.

In the TSD Appendix A, EPA gave an example of the overly restrictive assumptions Novation
uses, specifically using current engine technology to determine the limit of on-cycle-to-peak
engine efficiency ratio (“Plausibility Test 2”). The example refers to two engine maps, a
MY 2013 Chevrolet Malibu 2.5L 14 GDI map and a 27-bar BMEP cooled EGR turbo GDI map
(Figure 1.1 in the TSD Appendix A, and reproduced as Figure 2-6 in this RTC document). The
27-bar BMEP cooled EGR turbo GDI map has an enlarged area of high efficiency in the lower
left (indicated by the arrow in Figure 2-6b). Since this is the area where engines tend to run over
the cycle, the figure shows an example of how the application of engine technology can result in
a better match between engine operation and peak efficiency. This reduces CO emissions,
precisely by increasing the on-cycle-to-peak engine efficiency ratio. A comment received from
UCS agrees, stating in addition that “[IJowering this ratio is precisely the objective of much of
the research on conventional spark-ignition engines.”

(a) MY2013 Chevrolet Malibu 2.5L 14 GDI  (b) 27-Bar BMEP Cooled EGR Turbo GDI

Figure 2-6 Two Engine BSFC Maps, Reproduced in Technology Effectiveness — Phase I1: Vehicle-Level
Assessment

NOTE: These maps are cited during the development of “Plausibility Test 2.” The left-hand map is overlaid with
areas of typical on-cycle engine operation. Original sources are given in the Novation report.

However, because the Novation report develops their plausibility limit for on-cycle-to-peak
engine efficiency ratio based on a few MY2013-2014 vehicles, there is no room left below their
arbitrary limit for the potential improvement in the efficiency matching shown in Figure 2-6. Put
another way, the plausibility limit developed by Novation implicitly assumes that any potential
improvements in engine technology which increase the efficiency of the engine while operating,
relative to peak engine efficiency, are implausible.
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Novation, in their comments, disagrees with the EPA assessment that they have no room for
potential improvement due to efficiency matching, saying, “Novation assumed future
improvements to on-cycle-to-peak engine efficiency ratios of 19 percent on the city cycle, 10
percent on the highway cycle, yielding 15 percent combined.” However, the assumed future
improvements cited by Novation are specifically tied to the implementation of two technologies:
engine stop-start and higher ratio spread transmissions.?* Neither of these technologies alters the
area of peak efficiency on the engine map, and thus, there is no accounting for potential
improvement in the efficiency matching as stated in the TSD. A comment received from UCS
agrees with this assessment, pointing out that the limit that “the ratio of test cycle efficiency to
peak efficiency should not exceed 0.78 is violated by engines already now in prototype.”

Novation in their comments further disagrees with EPA’s example of the overly restrictive
nature of their plausibility checks by stating that EPA “relies on an illustrative example of an
engine map that is not from an actual, tested engine.” In response, EPA agrees that this is an
illustrative example, all the more so since the 27 bar map shown, and included in Novation’s
original report, contains the overlaid arrow indicating how the area of greater efficiency is
expended to the lower left, to better match the operating range of the engine during vehicle cycle
operation. This is specifically illustrative of potential improvement in efficiency matching, and
also illustrates UCS’ comment that lowering the on-cycle-to-peak engine efficiency ratio is
precisely the objective of much of the research on conventional spark-ignition engines.

Novation continues in their comments, “[flurthermore, the technology assumed from this map
was not included in the TAR or the Proposed Determination.” Although this statement is
something of a non sequitur, the 27 bar Ricardo map shown in Figure 2-6, and the underlying
technology package, was indeed used to create 24 bar turbo downsized maps for the Draft TAR
and the PD.

In their comments on the Proposed Determination, the Alliance reiterated their
recommendation that EPA adopt the “plausibility checks” developed by the Alliance’s
contractor, Novation Analytics, and stated that EPA did not provide any reason for rejecting the
methodology recommended. EPA has considered the proposed plausibility limits developed by
Novation and explained the reasons for not adopting them, discussing these points at length in
Appendix A of the TSD. EPA has also considered Novation’s additional comments on the issue,
and does not find them persuasive, as discussed above. EPA thus is not adopting the
recommended plausibility checks.

In their comments, both the Alliance and Novation furthermore stated that EPA did not
propose alternative numerical limits to the plausibility checks developed by Novation. These
comments presuppose that the development of a numerical “plausibility” limit is necessary. EPA
discussed at length in Appendix A of the TSD the shortcomings of the proposed plausibility limit
calculation, and as an alternative noted that “calculation of powertrain efficiency can serve as a
gross QC check on estimated technology effectiveness by quickly identifying the highest
efficiency packages for further review (as shown in Appendix B [of the TSD]).” Correctly and
effectively using powertrain efficiency analysis as a QC check does not require the adoption of
arbitrary limits, and EPA declines to do so.

24 Novation Analytics, Technology Effectiveness — Phase 11: Vehicle-Level Assessment, version 1.0, prepared for the
Alliance of Automobile Manufacturers & Association of Global Automakers, September 20, 2016, p. 28.
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Other Considerations: In Appendix A of the TSD, EPA disagreed with the assertion by the
Alliance and Novation that the Lumped Parameter Model [LPM] is “not based on the
fundamental factors determining vehicle CO> and fuel consumption.” EPA further explained the
usage of the LPM, in particular the LPM "exemplar” vehicles, each of which has different engine
sizes and road loads. The differences between exemplar vehicles does indeed account for the
“fundamental factors determining vehicle CO,” that Novation refers to, as the power-to-weight
ratios of the exemplar vehicles vary, altering the relative areas of the engine map where each
vehicle operates. In their comments on the TSD, Novation asserts that the LPM “provides the
processing speed required to support the OMEGA model.” Although this is another non sequitur,
EPA does not disagree with this assessment.

In their comments, Novation further states that “there was a lack of information published by
EPA,” and that EPA “has been resistant to providing support for these studies.” They
furthermore cite an email from Michael R. Olechiw (Director, Light-duty Vehicles and Small
Engines Center, US EPA) to Greg Pannone (President, Novation Analytics). This email was
regarding details of the 2010 FRM. The purpose of the ongoing inquiries from Novation
Analytics is now clear, as Novation has explained the scope of their work as being limited to a
study of the 2010 FRM. If EPA appeared dismissive in its response, it was because the MTE is
intended to consider the MY2022-2025 standards, and it was therefore difficult to understand
how the 2010 FRM (which established standards for MY2012-2016) results were relevant. EPA
did offer to discuss the email with Novation; however, the offer was declined.

Additionally, in their comments, both the Alliance of Automobile Manufacturers and the
Association of Global Automakers state that the methodology Novation used was shared with
EPA in 2014 and “EPA never raised concerns or provided feedback indicating that they found
the methodology insufficient or lacking in any way.” EPA in fact conducted numerous meetings
with multiple stakeholders as part of the process of gathering information to inform the Midterm
Evaluation process. Rather than respond to each stakeholder individually and in real time, the
sum total of information gathered from stakeholders was synthesized into the Draft TAR. When
the Alliance indicated that they disagreed with some points in the Draft TAR and, in support,
formally submitted reports from Novation as part of the comment period, EPA replied to those
comments in the Proposed Determination.

Novation additionally states that “[t]he methodology used by Novation... has been
independently reported by other research.... Consequently, to suggest that this approach is
without merit is to suggest that these other authors and peer reviewers were also incorrect.”
Indeed, the use of tractive work and powertrain efficiency metrics is well-known, and can be a
useful modeling technique when applied in an appropriate way. However, EPA does not agree
that it was applied appropriately throughout the Novation study. Novation interprets EPA’s
statements over-broadly, implying that EPA’s criticism is of the techniques themselves rather
than the application thereof. EPA specifically rejects the implication that statements in Appendix
A of the TSD apply to researchers who apply these techniques appropriately.

2.2.4 Vehicle Classifications

Summary of Comments on the Draft TAR addressed in the Proposed Determination

In the 2012 FRM and Draft TAR analyses, vehicles were classified into 19 vehicle types,
which were based on six size-based categories for estimating effectiveness, and several cost
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categories defined by the various engine and valvetrain configurations most prevalent in the
baseline fleet. While overall this method of grouping placed similar vehicles together,
stakeholder comments on the Draft TAR highlighted some examples where dissimilar vehicles
were assigned the same cost and effectiveness benefits.

In response to these comments, as described in TSD Chapter 2.3.1.4, EPA refined the vehicle
classification approach for the Proposed Determination in several ways. First, we classified
vehicles according to the attributes of vehicle road load power and engine power-to-vehicle
weight ratio for the purpose of assigning the most representative estimates for technology
effectiveness (see Chapter 2.3.3.2 of the TSD). Second, we implemented a classification by
vehicle curb weights, together with engine configuration and the capability for heavy towing, as
attributes used for assigning technology costs. Third, we expanded the number of vehicle types
from 19 to 29.

Compared to the Draft TAR, the 29 vehicle types used for the Proposed Determination each
contained a narrower range of values or the vehicle characteristics that have the greatest
influence on technology effectiveness and cost: power-to-weight ratio, road load power, curb
weight, and original engine configuration. Overall, consistent with the public comments, this
updated classification approach provided greater resolution than the 19 vehicle types used in the
Draft TAR, and advanced the goal of applying the most representative cost and effectiveness
estimates for technologies applied to the MY 2015 fleet.

Summary of Comments and Responses on the Proposed Determination

The Union of Concerned Scientists (UCS) expressed support for the changes in classifications
to a power and road load basis, characterizing this change as responsive to “one of the strongest
industry concerns” expressed in comments on the Draft TAR. UCS further stated that the
updated classifications strengthen EPA’s analysis by “narrowing the error bars and more
accurately representing the real vehicle fleet.”” The American Council for an Energy-Efficient
Economy (ACEEE) also positively highlighted this change when describing the additional
analysis EPA performed for the Proposed Determination.

2.2.5 Performance Neutrality

Summary of Comments on the Draft TAR addressed in the Proposed Determination

EPA’s assessments for the 2012 FRM and Draft TAR were based on the application of
technology packages while holding the underlying acceleration performance constant. To
achieve this, ALPHA modeling runs were used to generate technology effectiveness values while
maintaining a set of acceleration metrics within a reasonable window by adjusting engine
displacement.

The Alliance of Automobile Manufacturers, in comments on the Draft TAR stated, “In
practice, manufacturers have a limited number of engine displacements to choose from and will
likely select the size of engine that maintains or improves performance." For the Proposed
Determination, EPA continued to apply the constant performance criterion, and did not attempt
to model discrete engine sizes or fleet-wide performance improvements that are made available,
at least in part, by the efficiency technologies adopted to comply with the standards. As
discussed in TSD Chapter 2.3.1.2, even if our model produces a greater variation in technology
packages than exists today, this does not require that manufacturers actually produce a greater
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variety of component sizes than exist currently in order for our overall results to be valid. In
actual vehicle design, manufacturers will design discretely sized components, and for each
vehicle choose the available size closest to the optimal for the given load and performance
requirements. For example, in some cases, the chosen engine will be slightly smaller than
optimal (and thus have lower fuel consumption), and in some cases the chosen engine will be
slightly larger than optimal (and thus have higher fuel consumption).

Other comments on the Draft TAR criticized the use of acceleration time as the main metric
used to represent performance neutrality, and stated that top gear gradeability is another key
metric that was omitted in the analysis. For the Proposed Determination, EPA did not
incorporate gradeability as an additional performance metric. As discussed in TSD Chapter
2.3.4.2.2, maintaining top gear at 75 mph up a grade, as the commenters recommend, may not be
appropriate for advanced eight-speed transmissions, where EPA testing has indicated downshifts
regularly occur and are likely to be less noticeable to the driver (due in part to the smaller step
changes in speed between each gear of a higher-gear-number transmission, as discussed in TSD
Chapter 2.2.3.10 at p. 2-59).

Summary and Response to Comments on the Proposed Determination

In comments on the Proposed Determination, the Alliance of Automobile Manufacturers
noted that within the ALPHA files generated for the Proposed Determination, the “Truck” class
file shows 0-60 mph acceleration times averaging 15.9 seconds. A discussion of “performance
ballast” was not included in the TSD, and EPA thanks the Alliance for pointing this out. To
model the acceleration performance of the truck class, an additional performance weight was
added to the ETW to simulate hauling a load. The value of the “performance ballast” (3000 kg)
was noted in column J of the ALPHA files referred to by the Alliance in their comment.

The performance ballast was not used during the standard FTP and HWFET emissions cycles,
but only during the performance cycle used to calculate acceleration times. The acceleration
performance times noted by the Alliance reflect the presence of the added mass. The approach of
ensuring performance neutrality while hauling 3000 kg generally results in more conservative
technology effectiveness than would be obtained by using simply ETW or curb weight during the
acceleration cycles.

The Alliance also suggested in comments that EPA incorporate a gradeability metric into the
performance calculation, such that the vehicle “maintain[s] top gear at 75 mph while climbing a
given grade.” The subject of gradeability was discussed in the TSD Chapter 2.3.4.2.2, where
EPA stated that “EPA does not believe this metric is appropriate for advanced eight-speed
transmissions;” however, the Alliance disagreed with EPA’s assessment. In response to the
Alliance’s comment, EPA has identified from publically available sources 14 examples from
MY2012 to MY2017 where vehicles were refreshed, maintaining the same chassis and engines
but incorporating transmissions with wider ratio spreads.?® Twelve vehicles maintained curb
weight within 1 percent; of the remaining two, one increased curb weight by 4 percent and one
decreased curb weight by 4 percent; the average curb weights for the 12 vehicles remained
unchanged. For each vehicle, the top gear ratio (including final drive and accounting, in a single
instance, for tire size difference) was calculated. In all 14 vehicles, the top gear ratio was
reduced, by 12 percent on average. Although top gear ratio and vehicle weight are not the only

% See docketed spreadsheet “Comparison of transmission top gear for selected vehicles.xIsx.”
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components in the calculation of top gear gradeability (other quantities such as change in wide-
open throttle torque at speed and transmission efficiency play a small role), they are the largest
factors, and directionally indicative of manufacturers’ choices when implementing transmissions
with wider ratio spreads. EPA stands by its analysis that top gear gradeability is not an
appropriate metric when judging performance of advanced eight-speed transmissions.

Further, in considering the Alliance’s comment, EPA used its ALPHA tool to estimate
gradeability of the vehicle technology packages used to calibrate the lumped parameter model.
For the Draft TAR, the calibration packages were constructed with a consistent final drive ratio,
but for the Proposed Determination, a dynamic final drive resizing algorithm was adopted which
increased the final drive ratio as engines were downsized. This algorithm resulted in top gear
ratios that more closely match industry trends; the resulting gear ratios are included in the
ALPHA calibration files available on the EPA website.?® The results were that packages
modeled with the TRX21 transmission, when properly matched for acceleration performance,
outperformed the baseline vehicle in gradeability in most cases. In the two cases where it did not,
gradeability was reduced by 0.5 percent of grade. Packages modeled with the TRX22
transmission and advanced engines also generally outperformed the baseline vehicle in
gradeability. In many cases, this was due to higher available torque at engine rpm equivalent to
75 mph. For three of the six vehicle classes, all advanced packages showed improved
gradeability. For two of the classes, gradeability results were mixed, with gradeability improving
up to 3 percent of grade for most packages and decreasing less than 0.5 percent of grade for
some packages. For the final HPW class, gradeability increased around 2 percent of grade for
some packages and decreased less than 1 percent of grade for the remainder. Packages modeled
with the base GDI engine and TRX22 transmission had in some cases further reduced
gradeability. Thus, the gradeability generally improves when the acceleration performance is
held constant, and EPA continues to believe that matching acceleration performance as a metric
is the appropriate way to ensure performance neutrality.

2.3  Estimated Costs (Technology Costs, Total Costs, Learning)

This chapter reviews key comments on the general topic of costs. Comments relating to cost
as it applies to the EPA analyses range across a wide variety of topics, including estimates of
technology costs for specific technologies, projections of compliance costs for individual
manufacturers and across the fleet, modeling of specific types of costs such as direct and indirect
costs, the impact of manufacturer learning, and other related topics. Many of our responses to
comments related to cost are therefore distributed among the other chapters of this RTC
document that deal more specifically with various assessment and modeling topics and our
assessment of specific technologies.

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Numerous comments on the Draft TAR presented general arguments that EPA’s estimated
costs are too optimistic (primarily from industry commenters) or are too conservative (primarily
from NGO commenters). In many cases, these comments can be described as general comments
because they express an overall viewpoint on costs, though commenters included varying
degrees of supporting evidence for their position, or evidence that was not readily applicable or

% ALPHA v2.1 Calibration Sample, available from https://www.epa.gov/regulations-emissions-vehicles-and-
engines/advanced-light-duty-powertrain-and-hybrid-analysis-alpha.
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not relevant to assessing the cost, effectiveness, and implementation feasibility in MYs 2022-
2025. EPA responded to such comments in the context of the specific cost-related issues that
commenters raised.

In commenting on the Draft TAR, multiple comments from NGOs (American Council for an
Energy-Efficient Economy (ACEEE), Union of Concerned Scientists (UCS), and Environmental
Defense Fund (EDF)) supported EPA's use of Indirect Cost Multipliers (ICMs) rather than retail
price equivalents (RPESs) as a means of estimating indirect costs.

We also received some comments on our modeling of cost reductions through manufacturer
learning. Ford argued that product cadence does not allow for cost reductions from learning to be
realized since new products are constantly being developed. In the Proposed Determination, we
noted that the learning effects we estimated should be taken as occurring at the level of the
supplier, not that of the automaker. Since we have not estimated efficiency improvements to
individual technologies during the time frame of the analysis, we do not believe that such
redesign to improve the "current best technology" to the "next best technology" is necessary to
achieve the reductions we expect for the costs we have estimated. More discussion of these
comments and responses and the use of ICMs may be found in TSD Chapter 2.3.2 at p. 2-214
and TSD Chapter 2.3.2.2.1 beginning at p. 2-223.

Summary and Response to Comments on the Proposed Determination

Many of the comments on the Proposed Determination related to cost were largely similar to
those received on the Draft TAR, in that they expressed general arguments that the costs were
either too optimistic or too conservative, supported by varying degrees of supporting evidence or
information. Many of these comments may be described as general comments and some express
viewpoints that are shared by multiple commenters, so a response directed to one commenter
may also apply to other commenters. Many of our responses to comments related to cost are
distributed among the other chapters of this RTC document that deal more specifically with
various assessment and modeling topics and our assessment of specific technologies.

Consumers Union stated its assessment that the standards are cost effective. Consumer
Federation of America was also supportive of EPA’s technology cost estimates, presenting
arguments supporting its position that industry tends to overestimate the cost of complying with
regulatory standards.

The Alliance and some individual OEMs stated that differences in compliance cost estimates
between the EPA and NHTSA analyses in the Draft TAR suggest that the agencies disagree
about how OEMs can comply. EPA disagrees, and believes that this is a misinterpretation of the
results. In the Draft TAR, EPA, NHTSA and CARB concluded that the standards can be met
predominantly with advanced gasoline technologies and very low penetration of electric
vehicles, although the modeling supporting those conclusions projected slightly different cost
impacts. This is to be expected given the differences in modeling tools and inputs between the
two agencies, as clearly explained in the Draft TAR (for example, in Draft TAR Chapter 2.3
which describes the agencies’ approach to independent GHG and CAFE analyses).

Subaru commented that our estimated costs are surprisingly low and argues that a limited-line
OEM like Subaru has a much narrower path to compliance than EPA assumes. Subaru also
argues that, even if ICEs achieve a brake thermal efficiency (BTE) of 50 percent, Subaru would
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need significant electrification to comply. However, because the EPA analysis has not specified
that Subaru would have to achieve any specific level of BTE in its engines in order to comply,
the significance of this specific example is unclear, and the comment provides no additional
information to evaluate the claim or compare it to the assumptions in the EPA analysis to
understand why the projections differ. Further, our analysis shows no increased electrification for
Subaru beyond that necessary for the ZEV program (see Table C.21 of the Proposed
Determination). In addition, EPA does not agree that the limited-line nature of Subaru’s fleet
impacts compliance pathways or that its customer demands make compliance more difficult than
for other OEMs. Subaru’s fleet consists largely of vehicles placed on the truck curve, which has
considerably higher CO; targets for each footprint value than does the car curve. Subaru also
questions the $0 cost of 60 percent of Subaru’s earned GHG credits. However, this comment
appears to be directed at the NHTSA analysis, since EPA did not make any such valuation of
earned credits.

ICCT commented that EPA could reduce per vehicle costs by “several hundred dollars” by
removing technology availability restrictions and including or expanding upon available
technologies. However, we have chosen to remain consistent with the 2012 FRM’s determination
of technology availability restrictions (technology penetration caps), recognizing that this likely
makes our analysis more conservative. See also the response in Chapter 2.5.3 of this RTC
document where we address a similar ICCT comment with regard to engine technologies.

Ford reiterated that increased cadence of technology implementation limits opportunity for
learning to reduce costs. Ford also argued that consumers do not value fuel economy highly
enough to recover what they expect to be the additional costs of complying with the standards.
We disagree with the latter position and discuss this more in Chapter 3 of this Response to
Comments document. As for the impact of cadence on learning, as we discussed in the Proposed
Determination, our learning impacts are assumed to occur at the supplier level rather than the
OEM level (see the Proposed Determination TSD Section 2.3.2 at page 2-2015). As such, a
possible transition from naturally aspirated to 18-bar turbocharging to 24-bar turbocharging for
the OEM is not expected to impact the suppliers’ learning on the turbochargers themselves. Ford
also argues that EPA should assess the comprehensive cost increments related to both Tier 3 and
GHG compliance. We believe we have done this by analyzing the Tier 3 requirements in that
rulemaking and the GHG requirements via the 2012 FRM and again in the Draft TAR and the
Proposed Determination.

Honda states that it believes “the targets for 2025 are correct, and consistent with long-term
environmental goals,” but also states that “compliance costs are more than double the amount
estimated by the agencies,” stating that the technology needed to comply is underestimated while
marketing challenges are another difficulty. Honda’s comment on the Proposed Determination
did not contain detailed written remarks and primarily directed EPA to the comments by Global
Automakers, and stated that Honda generally supports those comments.?” EPA has responded to
the comments from Global in the chapters of this RTC document that correspond to the specific
detailed topics that Global raises, and EPA’s response to Honda’s comments are therefore
represented by those responses.

27 At the time of its comment, Honda also provided to the Docket a redacted copy of a presentation delivered to EPA
on November 9, 2016.
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Mercedes-Benz also commented that EPA overestimates its ability to comply and
underestimates the cost of complying, is concerned that the cost of compliance will be higher for
the Mercedes fleet than for competing OEMs with a more diverse fleet (due largely due to
expectation of a greater than projected reliance on electrification), and requests that EPA
consider additional flexibilities to promote a level playing field. Comments that relate to a higher
need for electrification than EPA projects are addressed in Chapter 2.1 of this RTC document,
while comments related to credits and flexibilities are addressed in Chapter 3.9.

Mercedes-Benz also commented that they anticipate their costs to be higher because
designing, certifying, training, and stocking of parts for a low volume electrified product is not
cost-effective. In response, EPA notes that Mercedes-Benz has a long history of including
relatively low volume, somewhat “niche” vehicles with conventional powertrains (often high-
performance) in their product line, and does not see a compelling rationale as to why it expects
these issues to affect low volume electrified vehicles more strongly than they affect these low
volume conventional vehicles. Mercedes also expressed concerns with design cost amortization
for small volume manufacturers. However, Mercedes currently designs and sells a wide variety
of products, and these products are regularly equipped with a variety of features and technologies
that are leading edge. EPA believes that Mercedes, and other lower volume, high performance
and luxury vehicle manufacturers, will manage their cost amortization the same way they do for
all of the features that are not related to improving vehicle efficiency.

2.4 Lead Time

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Lead time is a significant component of technical feasibility, in that time is an inherent factor
in bringing any advanced technology from research to widespread production. In the TSD, EPA
discussed lead time in the context of specific technologies (such as Atkinson cycle engine
technology) as well as in the context of general technical feasibility of the MY2022-2025
standards.

Some commenters on the Draft TAR made general allusions to the perceived difficulty of
meeting the 2022-2025 standards with advanced technologies given the available lead time. In
contrast, several NGOs recognized the value and adequacy of the lead time already provided by
the standards. In response, EPA pointed out that the standards for MY2022-2025 were first
established in 2012, providing the auto manufacturers with up to 13 years of lead time for
product planning to meet these standards, representing multiple vehicle redesign cycles that
provide opportunities for technology introduction. EPA also cited ongoing evidence of the
increasingly rapid pace at which manufacturers are bringing advanced technologies into the fleet,
to the extent that technology adoption rates and the pace of innovation have accelerated even
beyond what EPA projected when initially setting these standards. EPA also pointed out that the
technologies considered in the Draft TAR and Proposed Determination analyses are either
currently in production or will be commercially produced in the next several years. More
discussion may be found in Section IVV.B of the Proposed Determination document at p. 48-50,
and TSD Chapter 2.3.1.1 at p. 2-207.

Some comments received on the Draft TAR related specifically to the lead time required for
introduction of Atkinson cycle engine technology at the penetration rates projected in the Draft
TAR. EPA disagreed that introduction of Atkinson cycle technology would require greater lead
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time than afforded by the time frame of the 2022-2025 standards, pointing out (as discussed in
the TSD at p. 2-309 to 2-310) that the steps required to implement an Atkinson cycle engine are
relatively modest compared to implementing other engine technologies, and that many of the
building blocks are already available in the MY2016 fleet, including gasoline direct injection and
high levels of valve train authority (further suggesting that a major vehicle redesign cycle is not
necessarily required to introduce this technology). EPA also cited the fact that the technology has
been introduced and has undergone several revisions within the past 5 years, suggesting that lead
time requirements are not as great as the commenters suggest.

EPA also cited several examples of manufacturers that have either already implemented or
have indicated plans to implement forms of Atkinson cycle technology. EPA also noted that the
projected technology penetrations of the Draft TAR are meant to illustrate one of many possible
technology pathways for compliance, and that manufacturers are free to pursue paths that are less
reliant on Atkinson cycle technology if they choose to do so. EPA cited sensitivity analyses that
indicated that cost effective compliance paths using primarily other advanced engine
technologies exist even when Atkinson cycle technology is limited (i.e. arbitrarily constrained
for purpose of the sensitivity analysis) to far lower penetrations. EPA concluded that it is feasible
for this technology to be incorporated by any manufacturer and that there is sufficient lead time
until MYs 2022-2025 that this technology could represent a significant penetration rate of a
company’s products, if it chooses to employ this technology. More discussion of these comments
can be found in Section I1V.B of the Proposed Determination document at p. 48-50, and TSD
Chapter 2.3.4.1.8.3 at p. 2-309 to 2-310, as well as in Chapter 2) (Atkinson Cycle Engine) of this
RTC document.

Similarly, commenters positing the need for significant penetration of electrified vehicles as a
necessary compliance path further stated that there would be inadequate lead time to do so. EPA
reiterated that both the Draft TAR and Proposed Determination analyses continue to indicate that
relatively low penetrations of strong hybrids or electric vehicles would be needed to comply with
the standards, and that there will be adequate lead time for manufacturers to achieve these low
levels of penetration. More discussion may be found in Section IV.B of the Proposed
Determination document at p. 49.

Summary and Response to Comments on the Proposed Determination

In their comments on the Proposed Determination, the Alliance stated that “EPA’s response to
technology lead-time and adoption is inadequate and misleading.” In their comments, the
Alliance disagreed that the promulgation of the 2022-2025 MY standards in calendar year 2012
constitutes the start of the lead time available to meet said standards. The Alliance further
commented that many of the key technologies considered by EPA for the Proposed
Determination are not currently in production. The Alliance specifically identified the non-
hybrid application of an Atkinson cycle engine with cooled EGR, cylinder deactivation, higher
compression ratio and ability to run on regular gasoline as an example of a key technology. The
comments further contend that single examples of technology do not reflect the wide diversity of
products produced and sold in the U.S.

In response, EPA notes that the Alliance and many of its members have commented at length
about the extensive research and development and capital investments required to meet future
GHG standards, while at the same time commenting that the Final Determination could have
been delayed by 18 months with no meaningful impact on the industry or the environment.
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Assuming a typical 5-year vehicle design cycle followed by a 5-year production life, most if not
all of the vehicle program cycles that have completed design and development to date will have
turned over prior to MY2025, with only the most recently initiated design and development
programs likely to produce vehicles that will be part of the MY 2025 fleet EPA believes it is
appropriate to consider the promulgation of the standards in the 2012 FRM as a legitimate
starting point, and has provided the auto industry with a considerable amount of lead time.

Comments from the Alliance stated that insufficient lead time was available to implement a
non-hybrid Atkinson cycle implementation with high compression ratio, cooled EGR, and
cylinder deactivation. Similarly, Global Automakers commented that lead time to introduce a
new technology typically includes substantial time for initial development and integration prior
to introduction, and specifically criticized the example of Mazda’s introduction of Atkinson
cycle engines as not including the time Mazda would have required to develop and integrate the
engine into its vehicle lineup. In response, EPA notes that the first manufacturer to implement an
advanced technology typically faces the greatest burden of resolving fundamental uncertainties
and evaluating viable approaches for implementing the technology, following a line of inquiry
that is also likely to be the subject of other researchers in the field at about the same time.
Subsequent applications of this technology cannot be expected to entail the same degree of
investment and risk in their development and integration, particularly now that production
Atkinson cycle engines are available for study and experimentation. EPA has provided additional
response regarding the lead time for this technology in Chapter 2.5.1 of this RTC document.

Global Automakers also commented that EPA was “prioritizing a single set of engine
technologies” by modeling the Atkinson 2 package as having significant projected penetration,
and requested an explanation of why EPA had “chosen to emphasize one technology over
another.” In response, we note that EPA models technologies on a performance basis, and judges
their feasibility with respect to its assessment of the state of technology development. As stated
above and in the Proposed Determination, it is our assessment that Atkinson cycle technology is
a feasible option for compliance with the MY2022-2025 standards, in part due to the observation
that the steps required to implement it have become relatively modest with respect to the
building blocks already present in much of the MY2016 fleet. Projected technology penetrations
are a result of how a given technology competes with other available technologies for inclusion
in the cost-minimizing compliance fleet, and is therefore a result of the fleet compliance analysis
as a whole and is not the result of any specific prioritization or emphasis. In addition, for the
Proposed Determination EPA conducted a sensitivity analysis by artificially constraining
Atkinson 2 technology to 10 percent penetration. This sensitivity demonstrated that cost-
effective compliance paths using primarily other advanced gasoline engine technologies continue
to exist even under this scenario, at only modestly increased costs (see Section C.1.2.1.4 of the
Proposed Determination Appendix at p. A-144 and p. A-147). EPA further discusses comments
relating Atkinson 2 technology in Chapter 2.5.1 of this RTC document.

General Motors commented that the Novation Analytics analysis performed for the Alliance
indicates that meeting the M'Y2025 standards would require the rate of improvement in engine
efficiency to increase to a rate double that of historical rates, and characterized this pace of
innovation as “unrealistic and unsubstantiated.” GM further points to EPA’s powertrain
efficiency projections in the TSD as being close to the necessary rate of improvement reported
by Novation. EPA disagrees that the rate of improvement reported in the TSD is unrealistic or
unsubstantiated. We note that the adoption of technology-forcing standards would be expected to
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lead to an increase in the rate of innovation. As we noted in Chapter 4.1.3 of the TSD at p. 4-8,
“in the absence of a forcing mechanism such as regulation ... manufacturers may prefer smaller,
incremental innovations,” due in part to factors such as risk and uncertainty. Thus, historical
rates from a period without technology-forcing standards would not be expected to represent the
realistic potential pace of innovation under new standards. Figure 25 in the Novation report?
illustrates this, appearing to show a faster rate of improvement in powertrain efficiency from
2012-2014 (when the MY2012-2016 standards came into effect) than from 2005-2012 (a period
of flat regulatory stringency). In fact, the depicted rate of improvement appears to be similar to
or possibly greater than the 0.7 percent rate that Novation cites and which the commenter
considers unrealistic. Chapter 6 of the 2016 EPA Trends Report, which tracks technology
adoption across the industry as well as by individual manufacturers, also shows that the historical
fleet-average rate of technology adoption tends to mask the fact that individual manufacturers
often achieve high penetration rates of a technology very quickly (following the first application
of the technology by that manufacturer). The implication is that if some regulatory or market
force incentivized manufacturers to begin adopting technology at the same time, then the fleet
average would respond much more rapidly than the historical trend would suggest. Therefore,
EPA disagrees that historical rates of improvement are an accurate reflection of rates of
innovation that would apply to a time frame influenced by greater than historical stringency.

2.5 Individual Technologies

2.5.1 Atkinson Cycle Engine

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Appendix A.2.3.1 of the Proposed Determination and Chapter 2.3.4.1.8 of the TSD discuss
the Atkinson Cycle engine technology, particularly as applied to non-hybrid vehicle applications.
The TSD discussion includes an overview of the comments EPA received on this topic in the
Draft TAR and EPA’s responses to those comments.

Comments received on EPA’s Draft TAR assessment of Atkinson Cycle engines in non-
hybrid applications were primarily focused on the effectiveness estimates, asserting that EPA’s
evaluation of the technology was overly optimistic. Specifically, the commenters stated that in
practice there are limitations of cooled exhaust gas recirculation (cEGR) for knock prevention,
that EPA’s torque curve was incorrect, and that manufacturers do not have sufficient lead time to
adopt the technology at the penetration rates projected in EPA’s compliance analysis. EPA’s
responses in the Proposed Determination TSD Chapter 2.3.4.1.8.1 and TSD Appendix D
described the justification for the cCEGR effectiveness benefits, and provide additional
clarification regarding an apparent misinterpretation by the commenters of materials published
and presented publicly by EPA. Those responses also indicate that the Atkinson Cycle
architecture, enhanced with cEGR and cylinder deactivation (DEAC) and with a higher
compression ratio, is already demonstrated both domestically (by both Mazda and VW) and in
Japan and Europe. EPA noted that engine modeling and initial hardware testing appear to show
synergies between the use of cEGR and DEAC with Atkinson Cycle engines. See TSD Chapter
2.3.4.1.4. TSD Appendix D also presented fuel differentiation maps documenting the minimal
effects of using different fuels (including a comparison of the technology’s effectiveness when

28 Novation Analytics, “Technology Effectiveness — Phase I: Fleet-Level Assessment (Version 1.1)”, October 19,
2015. Submitted to EPA Docket EPA-HQ_OAR-2015-0827.
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using Tier 2 and Tier 3 fuels). EPA also noted that commenters had failed to provide any data,
or description, of why DEAC could not be applied in conjunction with cEGR on Atkinson cycle
engines. Id. Chapter 2.3.4.1.8.3 of the PD TSD provided additional detail regarding the specific
design changes which manufacturers could use to adopt Atkinson engine technology (should
they decide to follow a compliance path that includes it).

With respect to the issue of lead time, EPA noted that many of the building blocks necessary
to operate an engine in Atkinson mode are already present in the 2016 fleet, including gasoline
direct injection (GDI), increased valve phasing authority, higher compression ratios, and (in
some instances) CEGR. EPA also explained that some of the potential packaging obstacles
mentioned in the comments, such as exhaust manifold design, should not be an impediment
because more conventional manifold designs (not requiring a revamping of vehicle architecture)
are both available and demonstrated in Atkinson Cycle applications. We responded that there is
sufficient lead time before MY 2022 to adopt the technology and that it could be incorporated
without needing to be part of a major vehicle redesign. In addition, and as explained in the
Proposed Determination Appendix C.1.2.1.4 and TSD Chapter 2.3.4.1.8.3, EPA conducted
sensitivity analyses constraining penetration of Atkinson-cycle engines and found that there are
other cost-effective compliance paths available which rely chiefly on advanced gasoline
technologies, and that a compliance path that includes lower penetrations of Atkinson cycle
engine technology need not result in high penetrations of electrification.

Summary of Comments on the Proposed Determination

EPA received several comments relating to our discussion of Atkinson Cycle engine
technologies in the Proposed Determination. In general, we received these same comments on
the Draft TAR, and we addressed them in the Proposed Determination Appendix and TSD as
stated above. In addition, we received the following new comments on the Proposed
Determination:

e Atkinson 2 (ATK?2)? penetration rate change from Draft TAR to Proposed
Determination (Toyota)

e Comments on several different aspects of Atkinson Cycle engine technologies
including technology benefits, lead time, and technology adoption rates (Alliance)

e Lack of a full-scale assessment of the research and development and manufacturing
costs that would be required to convert to this [Atkinson] engine technology (Global)

e ATKR2 far less effective than EPA's predictions and not been sufficiently validated in
commercial production (FCA)

e ATK?2 effectiveness with cEGR should be significantly higher than what was used by
EPA (ICCT)

Where appropriate, comments relating specifically to the issue of lead time for Atkinson cycle
technology were addressed in Chapter 0 of this Response to Comments document.

29 Atkinson 2 represents the application of Atkinson cycle engine operation in a conventional (i.e. non-hybrid)
powertrain architecture. See Appendix to the Proposed Determination A.2.3.1 at p. A-6.
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Response to Comments on the Proposed Determination

Toyota maintained that although the technology is deployed in approximately 7 percent of the
current fleet (consistent with EPA’s estimates), the technology actually does not operate that
much of the time in Atkinson mode due to issues of control and power limitations without
providing any substantiating data. Toyota further stated (without supporting reference) that the
technology was insufficient to meet 2025 target levels. In response, EPA benchmarking of the
Mazda SKYACTIV-G using both chassis dynamometer and engine dynamometer testing
confirmed substantial use of Atkinson mode, particularly in areas of operation important for
compliance over the regulatory drive cycles. Some of this can be seen in the contour plot of
effective compression versus engine speed and torque in Figure 2.15 of the TSD which shows a
significant degree of Atkinson operation even at fairly high loads (e.g., peak effective
compression ratio of 11:1 vs. expansion ratio of 13:1) and illustrates how reduced effective
compression ratio is used during part-load operation of this engine to reduce the need for
throttling and reduce part-load pumping losses. Section 2.3.3.4 of the TSD also briefly
summarizes and cites a peer-reviewed EPA paper (SAE 2016-01-1007) that evaluated a Mazda
SKYACTIV-G engine using engine dynamometer hardware-in-the-loop (HIL) simulation of
vehicle operation. When the engine was evaluated during engine dynamometer testing using
HIL simulation of D-segment mid-size passenger car with a footprint of approximately 48 ft?, an
advanced 8-speed transmission, and moderate levels of road load reduction, the CO2 emissions
results were consistent with compliance with MY2025 GHG standards after application of AC
credit and with no further application of advanced engine technology beyond that of the 2014
Mazda SKYACTIV-G.%®

The Alliance commented on several aspects of Atkinson engine technologies including
technology benefits, lead time, and technology adoption rates. The Alliance commented that
EPA had either disregarded its similar comments on the Draft TAR or had provided an
inadequate response. Contrary to the Alliance’s assertions, each of these topics raised by the
Alliance in their comments on the draft TAR and again in their comments on the Proposed
Determination was carefully considered by EPA in the Proposed Determination analysis, and
each topic was fully addressed in responses to comments in the Proposed Determination
document and the TSD. See the Proposed Determination Appendix Section A.2.3.1 beginning at
p. A-7 and C.1.1.3.2 at A-132, and TSD Chapter 2.3.4.1.8.1 at p. 2-299 through 2-308.

In topic #22 of their comments, the Alliance confounds the ability to adopt Atkinson
technology with the effectiveness of the technology. The Alliance stated that EPA’s response
“oversimplifies the requirements of introducing complex engine architectures to a large portion
of the new vehicle fleet.” The Alliance then references a presentation made by Mazda regarding
the importance of the 4-2-1 exhaust system to the overall performance of the SkyActiv
technology and required packaging coordination with the SkyActiv Body. In response, EPA
recognizes the importance of the 4-2-1 exhaust system to the SkyActiv/Atkinson implementation
and also recognizes that the packaging of the exhaust system will require coordination with
ancillary vehicle systems. However, these types of packaging coordination activities are part of
the routine design and integration process for vehicle manufacturers, and these types of activities

%0 Ellies, B., Schenk, C., and Dekraker, P., "Benchmarking and Hardware-in-the-Loop Operation of a 2014 MAZDA
SkyActiv 2.0L 13:1 Compression Ratio Engine," SAE Technical Paper 2016-01-1007, 2016, doi:10.4271/2016-01
1007.
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are required independent of the technology pathway that each manufacturer has chosen. For
example, if a manufacturer chooses to implement a downsized turbo-charged engine in lieu of a
naturally aspirated Atkinson engine with 4-2-1 exhaust, the vehicle manufacturer will need to
adopt thermal management, exhaust manifold packaging, and NVH controls that will also require
coordination with the body, interior and electrical systems. Likewise, a manufacturer choosing
to adopt a cylinder deactivation solution will also require coordination with body and chassis
systems to avoid deteriorated NVH performance. EPA believes that the Atkinson technology is
not unique in its vehicle coordination requirements and that the Alliance has provided no
supporting data to support a different conclusion. On slide 17 of the same presentation
referenced by the Alliance, Mazda in fact discusses that the 4-2-1 technology is not new, and
while it did cause some challenges, Mazda was able to engineer robust solutions and package the
technology into very compact spaces, (e.g., Mazda2/Toyota Yaris, Mazda CX-3).

With regard to the benefits of Atkinson technology, the Alliance commented that EPA has not
yet demonstrated the projected benefit of an Atkinson cycle engine with cooled EGR and
cylinder deactivation and that EPA did not provide physical test results with a combination of
Atkinson, cooled EGR, and cylinder deactivation. In addition, the Alliance noted that there are
no current examples of Atkinson cycle engines being produced with cooled EGR and cylinder
deactivation. EPA’s response to these comments remains unchanged from our response to
comments on the Draft TAR. Note the summary of our responses to those comments above and
the associated references. EPA provided physical engine dynamometer test results using a
combination of Atkinson Cycle and cooled EGR and results from engine testing conducted using
cooled EGR and Atkinson Cycle with physical deactivation of two out of four cylinders. Results
were presented in TSD Chapter 2.3.4.1.8.1 of the Proposed Determination and showed that
effectiveness used within the Lumped Parameter Model for this combination of technologies was
conservative relative to engine dynamometer test data. Data with cylinder deactivation was also
compared with published data from Mazda for one of their developmental engines using cylinder
deactivation.

The Alliance commented that many key technologies were not currently in production, e.g.
non-hybrid Atkinson cycle engines with higher compression ratio, cooled EGR, and cylinder
deactivation. This is similar to comments provided by the Alliance to the Draft TAR and EPA
responded in TSD Chapter 2.3.4.1.3 of the Proposed Determination (see in particular p. 2-290).
In response, EPA notes that Mazda presented data at the 2015 Vienna Motor Symposium from a
SKYACTIV-G engine with a cylinder deactivation system at an advanced stage of development.
The engine demonstrated effectiveness comparable to EPA estimates for applying cylinder
deactivation to ATK2 and comparable to EPA engine dynamometer testing of the SKYACTIV-G
with 2 cylinders disabled. Mazda has used cooled EGR with previous production applications of
their SKYACTIV-G engine, currently uses cooled EGR in the SKYACTIV Turbo engine in the
2017 Mazda CX9, and cooled EGR is currently used by Toyota and Hyundai in Atkinson Cycle
engines for both hybrid electric vehicle (HEV) and in non-HEV applications. At the 2017 North
American International Auto Show, Toyota announced that the base engine in the redesigned
2018 Toyota Camry would be Toyota’s 2.5L 14 Dynamic Force Engine with a peak brake
thermal efficiency of 40%. The Toyota 2.5L 14 Dynamic Force Engine engine combines
Atkinson Cycle with cooled EGR and a dual PFI/GDI fuel injection system. In 2016, Toyota’s
Camry model was the best-selling mid-size passenger car in the U.S. VW has already introduced
a 4-cylinder Miller Cycle engine, the EA211 TSI® evo, which combines cylinder deactivation,
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cooled EGR, early intake valve closing, and turbocharging. Miller Cycle is essentially a boosted
version of Atkinson Cycle.

Finally, with respect to the projected rates of adoption of Atkinson technologies, the Alliance
commented that EPA had not addressed the concern with auto manufacturers that had already
invested in other alternatives. The Alliance speculated that EPA was “unable or unwilling to
refute the Alliance’s broader concerns directly.” On the contrary, EPA believes that there is
sufficient time for companies to deploy the Atkinson technology should they wish to do so since
the technology can be implemented as a developmental extension of existing, current-production
engine hardware (e.g., GDI, dual camshaft phasing with high authority, increased intake port
tumble) in use in a large percentage of vehicles. As stated in the Proposed Determination, many
of the underlying technologies required to operate an engine in Atkinson mode are already in
production in many vehicles, including GDI, high authority valve trains, and higher compression
ratios. See also the discussion of lead time in Chapter 0 of this Response to Comments
document.

In addition, EPA’s analysis shows that there are other cost-effective pathways to compliance
not heavily reliant on either ATK2 or electrification available for companies wishing to pursue
them, whether for reasons of commitment of resources or for marketing response. In an effort to
quantify the effects of different technology pathways, EPA conducted several sensitivity
analyses, including a scenario in which Atkinson penetration was capped at 10 percent, and a
scenario with reduced penetration of mass reduction. See Proposed Determination Appendix
C.1.2.1.4. Overall projected cost did not vary significantly across these scenarios, ranging from
a low of $800 per vehicle across the fleet (primary analysis) to a high of $1,115 (still less than
projected in the 2012 FRM, a cost that the agencies found to be reasonable). Despite the artificial
constraints on certain technologies, including Atkinson, the overall cost of compliance remains
stable across these different pathways. EPA believes that these sensitivity analyses directly
respond to the Alliance’s concern regarding vehicle manufacturers that have chosen a
compliance pathway that is different from that identified in the Proposed Determination. As
vehicle manufacturers choose among alternative pathways, EPA does not believe that their costs
will be significantly different from those projected in the Proposed Determination.

Global Automakers noted “the lack of a full-scale assessment of the research and
development and manufacturing costs that would be required to convert to this [Atkinson] engine
technology” and further suggested that more lead time would be needed to adopt it, pointing out
that Mazda had spent time developing and integrating the engine into its vehicle lineup which
EPA had not taken into consideration. These comments seem to be grounded in the assumption
that EPA has determined that Atkinson cycle technology is the only technology that will allow
the vehicle manufacturers to meet the future standards and that the EPA analysis and projected
technology penetrations are prescriptive. As previously stated in the Draft TAR and the
Proposed Determination, EPA believes that Atkinson cycle technology is one of several cost
effective powertrain alternatives available to vehicle manufacturers to meet the MY2025
standards. In EPA’s analysis we have added technology in a cost effective manner to establish
future compliance (i.e., projected technology penetrations are a result of how a given technology
competes with other available technologies for inclusion in the cost-minimizing compliance
fleet). If a vehicle manufacturer is pursuing an alternative pathway for compliance, the EPA
analysis does not force a manufacturer into a different compliance solution, and the research,
development and manufacturing costs of conversion to an alternative pathway are not required.
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Honda maintained that larger engine displacement would be needed to deal with issues of
power loss and torque recovery. Use of a broad range of camshaft phasing authority and GDI
allows the degree of Atkinson Cycle to be varied across the speed and load range of the engine.
In Mazda’s implementation of Atkinson Cycle with GDI as a replacement for PFI engines, peak
torque and rated power were improved relative to their PFI predecessors at the same cylinder
displacement. For example, when the Mazda 2.5L SKYACTIV-G engines replaced the previous
2.5L PFI MZR L5-VE engines in the Mazda3 and Mazda6, peak torque increased from 225 N-m
to 251 N-m and rated power increased from 125 kW to 138 kW. Peak torque for the 2.5L
SKYACTIV-G engine was also available at considerably lower engine speed than its PFI
predecessor (3250 rpm vs. 4500 rpm, respectively). As described in TSD 2.3.4.1.8.1, EPA
increased engine displacement by 5% in analyses used for the Proposed Determination for all
"advanced" ATK2 engine packages to which a 1-point increase in geometric CR and cEGR are
applied. This was done to reflect a reduction in peak BMEP and a resultant necessity for
increased engine displacement to maintain vehicle acceleration performance and was done to
maintain a conservative assessment of “advanced” ATK2 effectiveness. This adjustment resulted
in a decrease in LPM CO; effectiveness for the proposed determination relative to the Draft TAR
of approximately 0.1 to 0.65%, with the range roughly coinciding with low and high power-to-
weight-ratio vehicles, respectively.

FCA commented that their own extensive internal analysis showed ATK2 to be far less
effective than EPA's predictions and also stated that ATK2 had not been sufficiently validated in
commercial production. The comments are identical to comments provided by FCA on the Draft
TAR and do not take into consideration EPA’s response to the original comments, nor the engine
dynamometer and chassis dynamometer test data generated by EPA and summarized within the
Proposed Determination TSD showing that EPA’s modeled effectiveness is conservative. FCA
did not provide engine dynamometer data, chassis dynamometer data, or modeling data to
support a lower effectiveness for ATK2.

ICCT comments cite a technology report on non-HEV Atkinson Cycle engines that estimates
effectiveness to be approximately double the effectiveness used by EPA for ATK2 with the
addition of cooled EGR in the proposed determination. ICCT also found that EPA’s reported
effectiveness had reduced by approximately 3 to 5 percent for ATK2 with cooled EGR between
the Draft TAR and the Proposed Determination. ICCT based their estimate of 12.5 percent
effectiveness of ATK2 with cooled EGR in part on effectiveness derived from public data from
Mazda, Toyota, and Hyundai. In response, EPA notes that it is difficult to isolate individual
technology effectiveness as opposed to the effectiveness of a combination of technologies that
are part of an overall vehicle package. Atkinson Cycle effectiveness is also somewhat sensitive
to vehicle road load, transmission gear ratio spread and number of gears, all of which were
accounted for in EPA’s ALPHA modeling. Based on ALPHA modeling results, we also would
not expect ATK2 to have identical effectiveness regardless of vehicle class. The effectiveness by
vehicle class shown by ICCT between the Draft TAR and the Proposed Determination directly
compares vehicle classes that are close to one another but that are not truly identical. Some
variation in effectiveness between the Draft TAR and Proposed Determination analyses may also
be due to differences in the combination of technologies applied to specific vehicle packages
rather than significant differences in ATK2 effectiveness between the two analyses. Engine
displacements for ATK2 with cooled EGR were increased by 5 percent between the Draft TAR
and the Proposed Determination in part in response to comments received from vehicle
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manufacturers regarding maintaining equivalent vehicle performance during operation on 87
AKI in-use regular-grade gasolines. EPA estimates the impact of this change on CO>
effectiveness to be significantly less than 1 percent, or considerably less than the 3 to 5 percent
differences reported by ICCT.

2.5.2 Turbo Downsizing

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Appendix A.2.3.2 of the Proposed Determination and Chapters 2.3.3.3.8 and 2.3.4.1.9 of the
TSD discussed engine turbo downsizing (TDS) technology. The discussion EPA provided in the
TSD included an overview of the comments EPA received on this topic in the Draft TAR and
EPA’s responses to those comments. Comments received on the EPA’s Draft TAR assessment
of turbocharged/downsized engines were primarily focused on the following topics:

e Choice of the Ricardo EGRB research engine as representative of 2025
turbocharged/downsized engine technology instead of the 2010 Ford 1.6L. EcoBoost or
2014 Ford 2.7L EcoBoost engines

e The impacts of octane and relative CO- effectiveness during operation of Tier 2
certification gasoline vs. Tier 3 certification gasoline or in-use regular-grade 87AKI
E10 gasoline, including presentation of the Alliance data from mid-level (E20, E30)
ethanol blended gasoline at different octane levels to represent impacts from EO or
E10 gasoline at different octane levels

e The relative benefits of cEGR
e Impacts of differences in crevice volume

e Discussion of displacement/vehicle-mass (D/M) as a market-acceptance metric for
engine downsizing

EPA’s responses in the Proposed Determination TSD Chapter 2.3.4.1.9.1 described the
justification for using the Ricardo EGRB V6 engine as the basis for evaluating
turbocharged/downsized engine effectiveness, explained the unrepresentative nature of the fuels
used in the study cited by the Alliance, and summarized CO emissions from EPA chassis
dynamometer testing of vehicles with turbocharged/downsized engines and other engine types
using Tier 2 EO 96 RON gasoline and Tier 3 E10 87 RON gasoline. EPA responses to comments
regarding crevice volumes and cEGR use are also included in TSD Chapter 2.3.4.1.9.1. EPA’s
responses in the Proposed Determination TSD Chapter 2.3.3.3.8 discussed D/M of
turbocharged/downsized engines, including D/M in current vehicle applications and current
market acceptability of vehicles with D/M of less than 0.9.

Summary of Comments on the Proposed Determination

The Alliance commented on several aspects of turbo downsized technology starting with a
broad statement that EPA’s assessment of gasoline turbocharged direct injection engines was
optimistic. The Alliance supported their comments through several comparisons including a
comparison of EPA’s 1.17 L GTDI TDS24 engine configuration and the turbo downsized, GDI
engine applied by NHTSA in its Draft TAR analysis, and a comparison of the same EPA engine
to the current Ford 2.7L Eco Boost engine.
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Toyota commented that they had not received a response to questions regarding the rationale
for why 27 bar BMEP turbocharging was not analyzed as part of the Draft TAR or Proposed
Determination.

Response to Comments on the Proposed Determination

Regarding the inclusion of 27-bar peak BMEP turbocharged/downsized engines in the FRM
and limiting peak BMEP to 24-bar in the Draft TAR and Proposed Determination, EPA found
only a small incremental effectiveness improvement between 24-bar and 27-bar BMEP engines
with both engines using cooled EGR. The boosting requirements for 27-bar peak BMEP also
necessitated a more complex and higher cost boosting system relative to 24-bar BMEP (i.e., use
of sequential turbocharging at 27-bar BMEP as opposed to VNT at 24-bar BMEP). Engines with
24-bar peak BMEP have more potential for friction reduction than would be possible at 27-bar
peak BMEP due to the cylinder pressures required for higher BMEP and resultant connecting rod
and main bearing loads. EPA still expects turbocharged/downsized engines exceeding 24-bar
peak BMEP in the MY2022-2025 timeframe, particularly in limited production high-
performance vehicles and in some cases with the addition of variable compression ratio. Such
engines are already at an advanced stage of development or entering production (e.g., 2017
Honda Civic Type R, 2018 Infiniti QX50).

The Alliance’s comments regarding EPA data described future, advanced
turbocharged/downsized engines such as TDS24 as having 10-20 percent lower fuel flow than
either the Ford Ecoboost 2.7L engine or the 24-bar BMEP turbocharged GDI engine modeled by
a subcontractor to Argonne National Laboratories (ANL) for NHTSA’s Draft TAR analysis. The
Alliance described those particular areas of operation where the fuel flow differences were
greatest as important regions of operation over the regulatory drive cycles and thus the EPA
results were characterized by the Alliance as overly optimistic and not plausible.

Differences in fuel consumption or CO2 emissions between these types of engines are not
entirely surprising considering the different levels of engine technologies applied. Please refer to
the discussion of engine technology differences between the Ford Ecoboost 2.7L engine and
TDS24 in the response to Alliance comments to the Draft TAR in Chapter 2.3.4.1.9.1 of the
TSD. The TSD also included comparisons of data from both the TDS24 and the Ford 2.7L
Ecoboost engines with publicly available data from advanced turbocharged/downsized engines
from MY2017 VW and Honda light-duty vehicles. The EPA analyses and comparisons using
the VW and Honda turbocharged/downsized engines were not considered within the Alliance
analysis despite the fact that these current production engines are somewhat closer to EPA
TDS24 with respect to engine technology than the 2015 Ford Ecoboost 2.7L.

In considering the Alliance comments regarding EPA’s modeling of drive-cycle CO>
emissions from advanced turbocharged/downsized engines, we compared TDS24, the Alliance-
referenced ANL 24-bar BMEP configuration, the Ford Ecoboost 2.7L, and the three additional
turbocharged/downsized engines mentioned in the Proposed Determination (VW EA211-evo and
EA888-3B, and the Honda L15B7) using ALPHA simulations of a vehicle configuration similar
to what was used within ALPHA simulation results provided by the Alliance in their comments
to the Proposed Determination. As stated previously in the TSD, these three additional engines
reflect more modern applications of engine technology by automobile manufacturers than the
Ford Ecoboost 2.7L. While still lacking some of the more advanced features of TDS24 (e.g.,
VVL, dual high/low pressure loop cEGR, centrally-mounted high-pressure piezo fuel injection),
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all three engines achieve comparable or higher efficiency over regions of engine operation that
are important for compliance with CO. emissions standards. Two of the engines (VW EA211-
evo and EA888-3B) used Miller Cycle. One of the engines (VW EA211-evo) also uses 2/4-
cylinder deactivation, a VNT turbocharger and a third generation of high-pressure (350-bar)
direct fuel injection. The engines are also part of a growing trend towards moderate to
significantly higher stroke to bore ratio (S/B), which improves combustion thermodynamics and
in-cylinder turbulence generation. The EA211-evo and Honda L15B7 have S/B of 1.15 and
1.22, respectively, while the older Ford Ecoboost 2.7L design uses a S/B of 1.0.

The engines were all scaled to provide approximately equivalent torque between 1000 and
3500 rpm to TDS24 and equivalent vehicle performance for a low power-to-weight ratio, high
road-load (LPW-HRL) vehicle configuration similar to a CUV. This vehicle configuration was
chosen to be approximately comparable to the vehicle configuration summarized by the Alliance
within Table 1 of their comments on the Proposed Determination. Table 2-4 appearing below
summarizes the vehicle, engine and transmission combinations analyzed. The vehicle
configurations with turbocharged/downsized engines were also compared to an exemplar vehicle
with a 2.38 L naturally aspirated GDI engine and 6-speed automatic transmission to reflect an
approximately MY2015 level of technology. The examples with turbocharged/downsized
engines were configured with advanced 8-speed automatic transmissions, a 5% reduction in
vehicle mass, and 10% reductions in rolling resistance and aerodynamic drag to reflect a
moderate level of road load reduction for compliance with 2022-2025 LD GHG standards.

An initial analysis looked at fuel usage for a region of operation identified by the Alliance in
its comments as important for compliance over the drive cycle. This region of operation within
the Alliance’s analysis showed 10-20% fuel differences and represented operation of TDS24 at
below 2-bar BMEP or approximately 19 N-m of torque (see the Alliance comments on Proposed
Determination, Figure 3). Figure 2-7 and Figure 2-8 show the contribution of mass of fuel
consumed at different torque points (i.e., torque at all speeds) encountered over the combined
FTP and HWFET cycles as well as cumulative fuel usage over the combined cycles for 1.17L
TDS24 and a Ford 2.7L Ecoboost scaled for equivalent performance (1.24L 3-cylinder).
Operation over the regulatory cycles at less than 19 N-m of torque accounted for less than 4% of
fuel used by TSD24 and less than 7% of fuel used by the Ford Ecoboost 2.7, and thus the sub-19
N-m region of operation with 10-20% fuel consumption differences would account for a
difference of approximately 1% over the drive cycle.
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Figure 2-9 BSFC and Combined-Cycle Fuel Consumption “Heat Map” for the EPA TDS24 1.17L 13.

Figure 2-10 BSFC and Combined-Cycle Fuel Consumption “Heat Map” for the Ford Ecoboost 2.7L scaled to
a 1.24L 13.

59



Figure 2-11 BSFC and Combined-Cycle Fuel Consumption “Heat Map” for the Honda L15B7 scaled to a
1.32L 13.

Uncertainty in fuel flow measurements increases at very light loads due to the resulting low
fuel flow rates. Relatively small differences in differences in fuel flow measured at light-load
(i.e., low-flow) conditions appear large on a percentage basis even if absolute differences are
small and even if such operating conditions do not represent a significant contribution to cycle-
integrated fuel consumption or CO2 emissions. The relative importance of different speed/load
conditions on fuel consumed over the drive cycles can be visualized using “heat maps” such as
those shown in Figure 2-9, Figure 2-10, and Figure 2-11 for TDS24, and the scaled Ford
Ecoboost 2.7L and Honda L.15B7 engine configurations, respectively. Please note that the heat
maps were plotted over the same 1000-3000 rpm and sub-120 N-m torque operational range
shown within Figure 2 and Figure 3 of the Alliance comments to the Proposed Determination
and do not reflect the full range of engine operation. The “heat maps” indicate that fuel
consumption differences at higher load conditions than those identified by the Alliance (e.g.,
from approximately 40 N-m to approximately 110 N-m torque) would be significantly more
important with respect to drive cycle fuel consumption and CO2 emissions than operation at less
than 19 N-m of torque for the specific examples shown here and within the Alliance comments
to the Proposed Determination.

Figure 2-12 and Figure 2-13 are EPA’s recreation of Figure 2 and Figure 3, respectively, from
the Alliance comments to the Proposed Determination showing fuel consumption differences
between 1000 — 3000 rpm and below 120 N-m of torque. Figure 2-12 shows a comparisons of
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the EPA TDS24 and the Honda L15B7 to the ANL 24-bar BMEP engine and Figure 2-13
compares the TDS24 and the Honda L15B7 to a scaled version of the Ford 2.7L Ecoboost.

When properly scaling the engines for equivalent torque, EPA’s analysis found somewhat
larger differences at light loads between TDS24 and the scaled Ford Ecoboost 2.7L and
significantly larger differences relative to the ANL 24-bar configurations. Comparing the scaled
Honda L15B7 engine to the scaled Ford Ecoboost 2.7L and the ANL 24-bar configuration
showed remarkably similar differences to those found with the comparison to TDS24 despite the
Honda engine’s lack of some of the technologies used for TDS24 (e.g., cEGR, VVL and VNT).
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Figure 2-12 Percentage Differences in Fuel Consumption Between The 1.17L TDS24 and the MY2015 Ford
Ecoboost 2.7L Engines (left) and between the MY2017 Honda L15B7 and the MY2015 Ford Ecoboost 2.7L
Engines.

Note: Technology used by TDS24 but not used in the MY2015 Ford Ecoboost 2.7L includes higher pressure, centrally-
mounted piezo fuel injection; variable valve lift; VNT turbocharging; cooled low and high pressure external EGR;
and higher cylinder pressure capability. Technology used by the MY2017 Honda L15B7 TDS24 but not used in the
MY2015 Ford Ecoboost 2.7L includes higher pressure solenoid fuel injection, improved S/B ratio (~1.2) for reduced
thermal losses and increased intake port tumble for improved combustion phasing. Both the Ford Ecoboost 2.7L and
the Honda L15B7 have large ranges (= 50 °CAD) of both intake and exhaust cam phasing authority, but EPA

benchmarking of both engines shows a larger range cam phasing, particularly at light load, for the Honda L15B7.
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Figure 2-13 Percentage Differences in Fuel Consumption Between the 1.17L TDS24 and the ANL 24-Bar
BMEP Engine Configuration (left) and between the MY2017 Honda L15B7 and the ANL 24-Bar BMEP
Engine Configuration.

Note: Technology used by TDS24 but not used in the ANL 24-Bar BMEP engine configuration includes higher
pressure, centrally-mounted piezo fuel injection; wider control authority for camshaft phasing; VNT turbocharging;
integrated exhaust manifold, and an additional cooled low pressure external EGR loop; Technology used by the
MY2017 Honda L15B7 TDS24 but not used in the ANL 24-Bar BMEP engine configuration includes higher pressure
solenoid fuel injection, wider control authority for camshaft phasing, improved S/B ratio (~1.2) for reduced thermal

losses and increased intake port tumble for improved combustion phasing.

The COz emissions results for a LPW-HRL ALPHA vehicle simulations using six
turbocharged downsized engines and a naturally-aspirated GDI exemplar configuration are
summarized in Table 2-4.The EPA TDS24 showed a 3.3% improvement relative to the Honda
engine and approximately equivalent combined cycle CO emissions relative to the VW engines
when comparing ALPHA simulations without start-stop. The EPA TDS24 had a 14.4%
combined cycle CO> reduction relative to the ANL 24-Bar BMEP engine and a 9.4% CO
reduction relative to the Ford 2.7L Ecoboost. The EPA simulation results with start-stop active
showed approximately equivalent results for the EPA TDS24, Honda L15B7, VW EA211-evo,
and VW EA888-3B, with EPA TDS24 having 14.2% and 7.5% CO: reductions relative to the
scaled ANL 24-bar and Ford 2.7L Ecoboost, respectively.

As was found with the fuel consumption difference maps, the differences in CO, emissions
from ALPHA vehicle simulations between the scaled Honda L15B7 and either the scaled Ford
2.7L Ecoboost or the ANL 24-bar configurations were comparable to differences relative to EPA
TDS24. The Honda L15B7 had a 11.4% combined cycle CO2 reduction relative to the ANL
24-Bar BMEP configuration and a 6.3% CO- reduction relative to the Ford Ecoboost 2.7L when
compared without start/stop. The EPA simulation results with start-stop active showed that the
Honda L15B7 had CO; reductions of 12.8% and 6.1% relative to the Ford Ecoboost 2.7L and
ANL 24-Bar BMEP configuration. Again, the Honda L15B7 engine to the scaled Ford Ecoboost
2.7L and the ANL 24-bar configuration showed remarkably similar simulation results to those
found with the EPA TDS24 despite the Honda engine’s lack of some of the technologies used for
TDS24 (e.g., higher BMEP, cEGR, VVL and VNT). Some of this may be due to the improved
S/B and increased variation of intake cam phasing (although similar levels of authority) for the
Honda engine relative to TDS24. Both the ALPHA simulation results and the BSFC maps of the
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2017 VW and Honda engines show that CO> emissions comparable to TDS24 can be achieved
with the most recently developed production turbocharged/downsized engines and with less

application of advanced gasoline Sl engine technology than projected for TDS24. TheCO>

vehicle modeling results achieved with TDS24 turbocharged downsized engines are not only
plausible, but are conservative. With application of further technologies (e.g., cEGR, VVL and
VNT) to recently developed engines like the Honda L15B7 engine, CO> effectiveness would
likely be improved relative to EPA TDS24.

Table 2-4 ALPHA Model Inputs and Results for a LPW-HRL Vehicle Type (e.g., CUV).

Road load reductions reflecting a 5% reduction and vehicle mass and 10% reductions in aerodynamic drag
and rolling resistance were applied to the turbocharged/downsized vehicle configurations.

Engine (basis) Base 2.5L 14 (2017 VW EA211-fevo|2017 VW EA888-3B |2015 Ford 2.7L 2017 Honda ANL 24-Bar BMEP |EPA TDS24
Ecoboost L15B7 (CRV) Turbo GDI
Engine Technology NA, GDI, GDI Turbo (17-bar  |GDI Turbo (20-bar |GDI Turbo (24-bar |GDI Turbo (20-bar |GDI Turbo (24-bar |GDI Turbo (24-
DCP BMEP), IEM, DCP,  |BMEP, IEM, DCP,  |BMEP), IEM, DCP |BMEP), IEM, DCP |BMEP), DCP, bar BMEP), IEM,
Miller Cycle, cEGR, |Miller Cycle (>50° intake cam |DVVL, HP cEGR DCP (50° intake
DEAC (2/4), 350-bar auth.) cam auth.),
solenoid FI CVVL, HP/LP
CcEGR, 350-bar
piezo FI
Displacement After 2.38 1.65 1.49 1.24 1.32 1.16 1.17
Scaling (L)
# Cylinders After 4 4 4 3 3 3 3
Scaling
ETW 3855 3677 3677 3677 3677 3677 3677
Road Load Coefficients
A |34.95 29.364045 29.364045 029.364045 29.364045 29.364045 29.364045
B |0.0875 0.0875 0.0875 0.0875 0.0875 0.0875 0.0875
C [0.02526 0.022734 0.022734 0.022734 0.022734 0.022734 0.022734
HP @ 50 MPH 13.66 12.08 12.08 12.08 12.08 12.08 12.08
Transmission TRX11 TRX22 TRX22 TRX22 TRX22 TRX22 TRX22
6-sp. Auto. |8-Sp. Auto 8-Sp. Auto 8-Sp. Auto 8-Sp. Auto 8-Sp. Auto 8-Sp. Auto
Gear Ratio Spread 3.785-0.616 |5.501 -0.632 5.501-0.632 5.501-0.632 5.501-0.632 5.501-0.632 5.501-0.632
Final Drive Ratio 3.73 3.51 3.68 3.95 3.86 4.11 4.02
CO2 (Combined, w/o 281.4 198.9 197.5 217.2 203.5 229.8 196.7
start-stop)
TDS24 % CO2
difference w/o start-
stop -30.1% -1.1% -0.4% -9.4% -3.3% -14.4%
CO2 (With Truck AC 257.0 174.5 173.1 192.8 179.1 205.4 172.3
Credit, w/o start-stop)
CO2 (Combined, w/ 274.7 195.8 195.0 211.6 198.7 227.9 195.6
start-stop)
TDS24 % CO2 -28.8% -0.1% 0.3% -7.5% -1.6% -14.2%
difference w/ start-
stop
CO2 (With Truck AC 250.3 171.4 170.6 187.2 174.3 203.5 171.2

Credit, w/ start-stop)
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2.5.3 Other Engine Technologies (Cylinder Deactivation, Cam Phasing, Variable Valve
Lift)

Summary of Comments on the Draft TAR addressed in the Proposed Determination

TSD Chapter 2.3.4.1 included a discussion of valvetrain technologies. The TSD discussion
included an overview of the comments EPA received on this topic in the Draft TAR and EPA’s
responses to those comments. Comments received on EPA’s Draft TAR assessment of
valvetrain technologies were primarily focused on the following topics:

e Cylinder deactivation (DEAC) effectiveness, operational area, and appropriateness of
using cEGR with DEAC

e The effectiveness of intake cam phasing (ICP) and dual cam phasing (DCP)

e The effectiveness of discrete variable valve lift (DVVL), and continuously variable
valve lift (CVVL)

EPA’s responses in the Proposed Determination TSD Chapter 2.3.4.1.3 described the
justification for fixed-cylinder DEAC effectiveness and summarized the current production GM
application of cylinder deactivation used by EPA as a source of data for the operating range and
degree of activation of DEAC. EPA’s responses in the Proposed Determination TSD Chapter
2.3.4.1.3 also provided current production examples of light-duty vehicle applications using
CEGR and Atkinson Cycle and a combination of cEGR, DEAC and early intake valve closing.
EPA’s responses regarding the effectiveness of other valvetrain technologies were summarized
in TSD Chapters 2.3.4.1.4 through 2.3.4.1.7 and are supported by peer-reviewed published data.

Summary of Comments on the Proposed Determination

EPA received several comments relating to our discussion of valvetrain technologies in the
Proposed Determination. With the following exceptions, we received these same comments on
the Draft TAR, and we addressed them in the TSD as stated above.

Toyota suggested that several other technologies which have not yet been commercialized,
such as the combination of Atkinson 2 with high compression ratio, cooled EGR, electric
boosting, dynamic cylinder deactivation, and variable compression ratio, will likely be part of the
ongoing conventional ICE improvements and questioned whether they would be sufficient to
meet the 2022-2025 model year standards.

ICCT commented that several key technologies were not modeled, including e-boost, variable
compression ratio, and dynamic cylinder deactivation, and provided a series of citations in which
these technologies were examined in the public domain. It emphasized that “the single most
important factor in the accuracy of cost and benefit for projections is the use of the latest, most
up to date technology data and developments”, and indicated that compliance costs would be
overstated without considering the most recently available technology developments.

MEMA claimed that EPA did not respond to its initial comment to the Draft TAR that EPA
revisit light-duty diesel data and analysis in the Final Determination. It pointed to a white paper
published by MARTEC as a source of updated information regarding light-duty diesel
effectiveness and cost estimates.
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Similarly, MECA “believes that light-duty diesel powertrains provide a cost-effective, durable
approach for vehicle manufacturers to improve the average fuel economy of their fleets,
particularly in the larger power category that includes small pick-up trucks and SUVs.”

UCS commented that while EPA estimated an effectiveness for fixed cylinder deactivation of
3.9 to 5.3 percent in the Draft TAR, its application in the OMEGA and Lumped Parameter
models “seems to fall consistently below this range.” It also commented that EPA’s exclusion of
dynamic cylinder deactivation from its effectiveness analysis is too conservative.

Response to Comments on the Proposed Determination

Regarding Toyota’s comment questioning the ability of conventional ICE technologies to
meet 2022-2025 standards, EPA acknowledges that some manufacturers may choose increased
hybridization and electrification as a compliance strategy that best suits their current positioning
in the marketplace. Based on its extensive modeling of all current and emerging technologies
expected to be commercialized, EPA illustrated in the Draft TAR one technical pathway (of
many that exist) that it believes to be cost-effective. Ultimately it will be up to the manufacturers
to determine the compliance strategy that best complements their future vehicle lineup.

In response to ICCT’s comments on new technologies not considered, EPA acknowledges
that technologies continue to emerge in the marketplace; however, both detailed modeling of the
physical systems, as well as a rigorous cost assessment (e.g. teardown analysis), are required to
consider these technologies with the same level of robustness as the other technologies reviewed
in the Draft TAR. EPA agrees that including additional emerging technologies, when supported
by a rigorous performance and cost assessment, could provide even greater flexibility and
potentially lower compliance costs than the array of technologies already represented, and
acknowledges that its assessment might be conservative absent their inclusion in its analysis.

In response to MECA’s and MEMA’s comments concerning diesel powertrains: EPA
reviewed the MARTEC report. The MARTEC report reviews light-duty diesel efficiency and
fuel consumption improvements relative to advanced gasoline engines, but it does not take into
consideration the CO. emissions control effectiveness of light-duty diesels. The carbon content
of diesel fuel is higher than gasoline on both a volumetric and mass basis. On a volumetric basis,
diesel fuel combustion emits 10.18 kg of CO: per gallon versus 8.887 kg of CO per gallon of
gasoline3!, which results in a 14.5% CO- penalty for diesels relative to spark ignition gasoline-
fueled vehicles at equivalent fuel economy. Thus while vehicles with diesel engines generally
have improved fuel economy and thermal efficiency relative to vehicles with advanced gasoline
engines, vehicles with advanced gasoline engines can have comparable CO2 emissions due to the
reduced carbon content of gasoline relative to diesel fuel.

EPA also carefully considered new light-duty diesel engine technology developments that
have occurred after the FRM and the NRC diesel analysis. Chapter 5.2.2.11 of the Draft TAR
and Chapter 2.2.2.11 of the TSD to the Proposed Determination discuss the basis used for
determining the effectiveness of advanced light-duty diesel engines. The Lumped Parameter
Model and OMEGA were updated to take into account the CO- effectiveness of Tier 3 compliant
light-duty diesels using dual-mode PCCI/diffusional combustion, higher peak BMEP, and

%1 Diesel fuel CO2 emissions factor is from Title 40 CFR § 600.113. Gasoline CO2 emissions factor is from 75 FR
25324, May 7, 2010.
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advanced boosting systems based on data developed as part of the U.S. DOE and Cummins
ATLAS Research and Development Program. As part of an analysis for the Draft TAR, EPA
also commissioned a detailed tear-down study of a Tier 2-compliant light-duty VW diesel
engine. Approximately halfway through the study, both EPA and California compliance actions
determined that the engine used for the tear-down study was noncompliant with Tier 2 emissions
standards. The investigation of light-duty diesel compliance with federal emissions regulations
was also underway throughout the development of the Proposed Determination and is still
ongoing. While we agree with MECA’s comments that light-duty diesels can continue to
comply with future emissions standards, the ongoing investigation complicates our ability to
determine an accurate bill of materials and costs for a truly Tier 3 compliant diesel emissions
control system. Furthermore, EPA’s OMEGA results and the relative lack of diesel technology
should not be interpreted as an indictment of diesel technology. EPA fully expects that
manufacturers will continue to produce diesels for the US market and will do so because they
have determined that diesel technology provides them a more cost effective path to compliance
than that estimated by our OMEGA runs and because of the operational advantages of light-duty
diesel engines in specific applications (e.g., sustained high-load conditions from operation at
high loaded vehicle weights and/or loaded trailer weights in heavy-light-duty trucks and
MDPVs).

In response to UCS’s comments about cylinder deactivation, EPA notes that in Chapter
2.3.4.1.3 of the TSD, EPA addressed the effectiveness of fixed cylinder deactivation, its
appropriateness in the context of several independent estimates, and its exclusion of rolling
dynamic cylinder deactivation in the Proposed Determination. More importantly, the individual
incremental effectiveness of any given technology (when incorporated into a vehicle technology
package within the Lumped Parameter model) is entirely dependent upon the other technologies
simultaneously applied to the vehicle. Frequently, technologies will provide a lower incremental
effectiveness than they would if they were applied to a vehicle with no other advanced
technologies present, due to the synergistic effects of multiple technologies addressing the same
physical losses.

2.5.4 Transmissions

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Appendix A.2.4 of the Proposed Determination and Chapter 2.3.4.2 of the TSD discussed
transmission technology. The TSD discussion addressed the comments EPA received on this
topic in the Draft TAR.

Commenters questioned the way EPA had assessed and classified automated transmissions in
the Draft TAR. The Draft TAR mapped all types of automated transmissions to a consistent
TRX32 transmission level. Commenters claimed the TRX designations were unnecessarily
complicated and did not recognize unique efficiencies of different transmission technologies.
EPA’s responses in the TSD Chapter 2.3.4.2.1 noted that the TRX binning system was created in
response to industry comments, which correctly pointed out that transmission choice is based on
market and functional objectives, which may not always be the same as the most cost-effective
transmission selected by the OMEGA model. The TRX designations allow EPA to maintain the
type of transmission technology found in the baseline fleet during OMEGA modeling - which

32 TRX is a shorthand term EPA uses to designate transmission technology levels.
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reflects the market and functional objectives - rather than allowing the OMEGA model to default
to a seemingly more cost-effective transmission solution. Put another way, the TRX designation
implicitly assumes that manufacturers will likely maintain the transmission type already in the
baseline fleet for a specific vehicle, consistent with stakeholder comments. EPA acknowledged
that different transmissions have unique effectiveness, but stated that the effectiveness gains
between TRX levels will be similar (see TSD Fig. 2-116), and did not consider the additional
CO2 benefit gained from changing transmission type in its analysis. The agency’s ultimate
finding on this issue was that the TRX classification system provided a reasonable means of
assessing technology cost and effectiveness while maintaining maximum manufacturer
flexibility.

Commenters also questioned the CVT effectiveness value EPA used in the Draft TAR,
specifically disagreeing with EPA’s expectation for potential future effectiveness increases in
CVTs. In response to these comments, EPA in the Proposed Determination assumed that CVTs
would be aligned with a more advanced transmission type (in the TRX classification scheme,
CVTs would be classified as TRX21), a conservative assumption because it results in much of
the potential transmission improvement being included within the baseline (unlike the approach
in the Draft TAR, which classified CVTs in the baseline fleet as less advanced (TRX11)). Thus,
the classification used in the TSD recognizes fewer efficiency improvements to meet potential
standards. See TSD Chapters 2.3.4.2.1 and 2.3.4.2.2.

A comment from the Alliance disagreed with EPA’s Draft TAR assessment of the
effectiveness of TRX11 transmissions. No further information was provided, but EPA
documented its basis for TRX11 effectiveness values in the TSD Chapter 2.3.4.2.2, and stands
behind its documented analysis.

Commenters also questioned the relative values for front- and rear-wheel drive transmission
effectiveness used by EPA in the Draft TAR. Specifically, commenters stated that packaging
difficulties in front wheel drive transmissions tend to increase spin and churning losses. EPA’s
response in the TSD Chapter 2.3.4.2.2 clarifies that additional losses associated with the
differential were included when modeling transmissions.

A comment on EPA’s Draft TAR assessment of transmission efficiency stated that industry
progress on transmission efficiency should be appropriately quantified in the baseline fleet.
EPA’s response in the TSD Chapter 2.3.4.2.2 described how we quantified transmission
efficiency using baseline fleet transmissions. In addition, as explained above, in response to
Draft TAR comments on CVT effectiveness, in the Proposed Determination EPA reclassified
CVTs within the baseline as the more advanced TRX21. TSD Chapter 2.3.4.2.1 provided
additional information on the assumptions EPA made in the assessment of transmission
technology in the baseline fleet.

Comments on EPA’s Draft TAR assessment of transmission efficiency stated that EPA's
estimated effectiveness differences between current six- and eight-speed transmissions were
high. These comments included reference to modeling results by Ford, and an assessment of
simulation differences between the EPA and Ford simulations. Chapter 2.3.4.2.2 of the TSD and
the Proposed Determination Appendix A.2.4 provide a discussion of these differences (among
other things, Ford assumed a gradeability metric which EPA believes is both inappropriate for
advanced eight-speed transmissions, and not necessarily present in production vehicles
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ostensibly designed to meet that metric), and why EPA regards the simulation results as
corroborative.

Comments on EPA’s Draft TAR assessment of transmission efficiency and transmission
modeling stated that top gear gradeability should be maintained as a performance metric when
implementing advanced transmissions. EPA’s responses in the TSD Chapter 2.3.4.2.2 provide
additional discussion that manufacturers are not currently maintaining top gear gradeability due
to the inherent advantages of advanced transmissions. Further discussion of comments received
on gradeability in the TSD is in Chapter 2.2.5 of this Response to Comments document.

Commenters also stated that manufacturers expected only marginal improvements due to
HEG23 (i.e., the additional effectiveness gain from TRX21 to TRX22), presenting an example
from FCA. EPA’s responses in the TSD Chapter 2.3.4.2.3 and in the Proposed Determination
Appendix A.2.4 provide additional detail regarding corroboration of the HEG2 effectiveness
values, a discussion of the portion of HEG2 technologies represented by the FCA example
(indicating, among other things, that the FCA example reflected a partial use of the technology
and so was not optimized, and that efficiency values quoted by transmission suppliers are
consistent with those obtained by EPA), and why this information is consistent with EPA’s
assumptions.

Summary and Response to Comments on the Proposed Determination

EPA received comments from stakeholders on effectiveness values assigned to transmission
technology. Specifically, General Motors stated that “after conducting the in-depth technology
analysis of the Silverado pickup and Malibu midsize car ... EPA errors are apparent, the most
notable being overstated fuel economy improvements attributable to transmission and/or gearbox
improvements.” EPA acknowledges receiving comments claimed as confidential business
information (CBI) under 40 CFR Part 2 from General Motors detailing this in-depth technology
analysis. EPA considered this CBI information and believes the improvements attributed by
General Motors to transmission improvements are conservative, and do not reflect the same
extent of technology development used by EPA in TRX21 and TRX22 transmission packages.
Consequently, EPA stands by its analysis.

Additionally, FCA commented that “EPA's Lumped Parameter Model for the 2012 Rule
predicted approximately 13% improvements in 8-speed transmission efficiency over baseline for
all vehicle types. In the Draft TAR, the Lumped Parameter Model predicted an 8-speed
efficiency improvement of 30% for all vehicle types. In the Proposed Determination, however,
EPA's Lumped Parameter Model predicted improvements ranging from 28% to 55%.” EPA is
unable to determine the basis for the commenter’s assertion of 28-55% improvement. In the TSD
Chapter 2.3.4.2.3 (Table 2.85), the effectiveness associated with progressing from one TRX level
to another is presented. However, the average value of efficiency improvement from TRX11 to
TRX22 (representing moving from a nominal current six-speed transmission to an advanced
eight-speed transmission) is 13 percent, and does not reach 55 percent.

33 High Efficiency Gearbox technology level 2.
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FCA furthermore referred to EPA’s testing of 5- and 8-speed Dodge Chargers in 2015 and the
SAE paper written detailing this testing and the associated analysis.3* The average value of 13
percent noted above is somewhat higher than the testing and analysis performed by EPA in 2015
(and referenced in the TSD and in FCA’s comments) might suggest. However, the testing and
analysis included a number of conservative assumptions as detailed in the paper; for example,
the ALPHA modeling used as a basis for transmission efficiency projections predicted about 1
percent lower CO> reduction than realized by the tested 8-speed Charger. In addition, since 2015
and through the TSD, EPA has continued to update its transmission data and ALPHA model with
the latest data available, as (for example) including the effect of a fast transmission warmup
within the TRX22 effectiveness numbers. Consequently, EPA stands by its analysis used to
inform the TSD, and believes it represents the best estimation of transmission effectiveness
available.

In commenting on disparities in vehicle-level transmission effectiveness between that
predicted by EPA’s testing and the Lumped Parameter Model, FCA also notes, correctly, that
part of the difference between EPA’s analysis of potential effectiveness improvements associated
with advanced transmissions is associated with corresponding engine downsizing to maintain
performance neutrality, and suggests that EPA dismissed comments on the Draft TAR that
criticized this approach. EPA clearly explained its rationale regarding this approach to
maintaining performance neutrality in the TSD Chapter 2.3.1.2, where we reviewed the
philosophical basis for maintaining performance neutrality, which was strongly supported by the
National Academy of Sciences -- that technology comparisons should be made on the basis of
equivalent acceleration performance, such that the cost-effectiveness values of competing
technologies can be fairly compared.

The Alliance of Automobile Manufacturers also commented that EPA dismissed the Ford
“Transmission Walk” simulation, included as an attachment and referenced by the Alliance in
their comments on the Draft TAR. The attachment referred to by the Alliance walks through a
series of simulations to identify discrepancies between the respective technology assumptions
made by EPA and Ford. Contrary to the Alliance’s statement, EPA believes that the simulations
are generally effective at identifying the differences between EPA’s transmission technology
assumptions and Ford’s transmission technology assumptions. However, as stated in Chapter
2.3.4.2.2 of the TSD, EPA disagreed with the assumptions made by Ford and the Alliance, and
continues to stand by its analysis. As there explained, there were important differences between
the simulation methodology used by Ford and that used by EPA, including the use of different
engines (the Ford simulation used a 2.0L EcoBoost engine, while EPA used a naturally aspirated
GDI engine), and differing lockup strategies between transmissions. In addition, the Ford
simulation assumed no changes in engine displacement whereas EPA applied a performance-
neutral downsizing strategy in its simulation. EPA continues to believe that this analysis (and
these differences) account for the difference in effectiveness percentages, since “effectiveness
percentages reported for transmissions paired with unimproved engines would be reduced when
the same transmission is paired with a more advanced engine.” Id. p. 2-330. Moreover, this

34 Moskalik, A., Hula, A., Barba, D., and Kargul, J., "Investigating the Effect of Advanced Automatic Transmissions
on Fuel Consumption Using Vehicle Testing and Modeling," SAE Int. J. Engines 9(3):1916-1928, 2016,
doi:10.4271/2016-01-1142.
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discussion shows that EPA did not ‘dismiss’ Ford’s comments, but carefully considered them
and explained why there was a difference in effectiveness estimates.

The Association of Global Automakers, in their comments, stated (p. 28, Global comments)
that EPA, in evaluating transmission effectiveness numbers, had used dynamometer tests on two
Dodge Chargers with identical powertrains to inform those evaluations, but had failed to identify
whether other aspects of these vehicles, which might have had an impact on the testing results,
were identical. As noted in the reference given in the TSD,% the two vehicles had the same
engines, rear end ratios, and tires. Further information on test vehicles and process is contained
within the referenced paper.

The Association of Global Automakers also commented on EPA’s “continued reliance on
DCTs,” questioned “the assumptions underlying the percentage of CVT penetration,” and
commented that EPA is not accounting for “the significant consumer acceptance issues
associated with [CVTs].” In response to earlier comments, as noted in Chapter 2.3.4.2.1 of the
TSD, EPA has implemented a TRX classification scheme where all conventional ATs (as well as
DCTs and CVTs) in the baseline fleet were mapped to three different designations: Null, TRX11
and TRX21. Any future transmission technology improvements are represented by advancement
through the TRX transmission levels. EPA assumes that all transmission types can be
represented by these TRX levels, so that progression through the levels requires only refinement
of a particular transmission, not wholesale movement to another transmission type.

The TRX designation system was implemented in response to earlier industry comments.
Those comments pointed out that transmission choice is based on market and functional
objectives, and on manufacturers’ own analyses of transmission types, as Global commented.
Thus, manufacturer’s choice of transmission type (CVT, DCT, conventional AT, or AMT) may
not always be the same as the most cost-effective transmission selected by the OMEGA model.
The TRX designations allow EPA to maintain the type of transmission technology found in the
baseline fleet during OMEGA modelling — which reflects the market and functional objectives --
rather than allowing the OMEGA model to default to a more (seemingly) cost-effective
transmission solution. Put another way, the TRX designation implicitly assumes that
manufacturers will likely maintain the transmission type already in the baseline fleet for a
specific vehicle, consistent with stakeholder comments. This designation system was
implemented in response to precisely the same concerns about specific transmission technologies
raised by Global in their comments.

The Union of Concerned Scientists strongly supported EPA’s current classification of
transmissions into bins but noted that EPA’s decision to classify CVTs in the baseline fleet as
TRX21 is clearly a conservative approach (as noted in Chapter 2.3.4.2.1 of the TSD). EPA
agrees this is likely a conservative approach; however, comments from stakeholders on the Draft
TAR indicate that classifying CVTs in the baseline as TRX21 is more reflective of potential
transmission improvement than a TRX22 classification, and thus EPA implemented the current
classification of CVTs in the TSD.

3 Moskalik, A., Hula, A., Barba, D., and Kargul, J., "Investigating the Effect of Advanced Automatic Transmissions
on Fuel Consumption Using Vehicle Testing and Modeling," SAE Int. J. Engines 9(3):1916-1928, 2016,
doi:10.4271/2016-01-1142.
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The Association of Global Automakers also noted that in the TSD, EPA makes the statement
“technology packages and vehicle classes where DCTs are applicable have been re-evaluated to
reflect manufacturers’ current choices” but does not provide further explanation. EPA’s intention
in the Draft TAR and TSD was to emphasize that, in response to comments received, EPA had
elected to implement a TRX classification scheme, which implicitly assumes that manufacturers
will maintain the transmission type they currently choose to implement.

General Motors commented that EPA’s effectiveness estimates fail to account for the impacts
of “additional pump loading to accumulators needed to enable engine stop-start, electrical losses
associated with electrical auxiliary pumps to provide line pressure while the engine is off, and ...
vibration damping technologies that allow early Torque Converter Clutch (TCC) lock-up,”
further stating that these reduce effectiveness by adding inertia to the input side of the
transmission. EPA interprets this comment as applying primarily to the effectiveness values
assumed for stop-start technology, and addresses this comment in Chapter 2.5.7 of this RTC
document.

An anonymous citizen commented that GHG standards “reduce the motivation to produce
manual transmission vehicles,” even though “true manual transmission cars provide safety
advantages that make them more attractive to some consumers,” citing for example that they
discourage texting while driving and that their mechanical nature means that they cannot be
‘hacked.” The citizen continues that “manufacturers should be allowed less stringent fuel
standards for true manual transmission cars.” EPA addresses this comment in Chapter 3.2 of this
RTC document where we examine factors affecting availability of manual transmissions in the
market.

2.5.5 Battery Technology / Cost

This chapter reviews comments that relate specifically to battery technology and cost.
Comments that relate more specifically to non-battery costs are discussed in Chapter 2.5.6 of this
Response to Comments (RTC) document. Comments related to PHEVs and BEVs as GHG-
reducing technologies are discussed in RTC Chapter 2.5.10. Discussion of comments that relate
to electrification but not to the abovementioned technology issues, such as electrified vehicle
penetration rates and similar aspects of the Proposed Determination, may be found in Chapters
2.1 and 2.3 of this RTC document.

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Chapter 2.2.4.5 of the TSD discussed the state of battery technology for electrified vehicles.
Chapter 2.3.4.3.7 of the TSD develops battery cost estimates for PHEVs, BEVs, and HEVs, and
also discussed many of the comments on the Draft TAR that relate to battery technology.

A number of comments received on the Draft TAR related to EPA's projection of battery
costs for BEVs. Comments from two major OEMs appeared to generally support aspects of the
projected battery costs, or considered them to appear conservative. Comments from BEV-
specific manufacturers described both the projected battery costs and battery sizes as
conservative when compared to recent industry trends and forecasts. For example, Tesla Motors
stated that they expect to achieve battery costs by 2020 that are far below the 2025 Draft TAR
assumptions, and also that the battery capacity assumed necessary to achieve 200 miles of range
was overstated (see TSD Chapter 2.3.4.3.7 at p. 2-356 to 2-358).
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Comments suggesting that the projected costs and perhaps also the projected sizing for battery
packs were conservative, as well as continued collection of information on new products and
announcements since the Draft TAR, contributed to EPA’s decision to update the projected pack
costs and sizes for the Proposed Determination analysis in order to reflect the latest information
available. This resulted in generally smaller projected pack sizes that more closely align with
production examples and also slightly lower costs per kWh for some packs than assumed in the
Draft TAR. More discussion of the observations and perceived trends in battery cost projections
which contributed to the decision to update the battery analysis are summarized generally in
Section A.2.5 of the Proposed Determination Appendix (at A-12 to A-13) as well as in TSD
Chapter 2.3.4.3.7.1 at p. 2-369. The updates and their effect on battery sizing and costs are fully
discussed in TSD Chapter 2.3.4.3.7 (Cost of Batteries for XEVS).

Other comments related generally to specific assumptions used for battery pack topology,
configuration, and assumed production volumes. EPA addressed these comments with
clarifications and additional rationale in TSD 2.3.4.3.7.4 at p. 2-387 to 2-388. In response to
other observations found in the comments, EPA also clarified certain aspects of the battery
analysis, such as, that packs are constructed of cells specifically designed for the power and
energy requirements of the vehicle to which they are assigned, that economies of scale are taken
into account on that basis, and that indirect costs associated with research and development are
included (see TSD Chapter 2.3.4.3.7 at p. 2-356 to 2-357).

Summary of Comments on the Proposed Determination

EPA received several comments relating to our projection of battery costs in the Proposed
Determination. Faraday Future, Union of Concerned Scientists (UCS), and the International
Council for Clean Transportation (ICCT) described EPA’s projection of electric vehicle costs as
being overstated; since these comments can be interpreted as relating to both battery and non-
battery costs, they are addressed in Chapter 2.5.10.2 (Battery Electric Vehicles).

Global Automakers made several criticisms of EPA’s battery cost analysis, raising issues
related to the assumed annual production volume and the references that EPA cited in assessing
its battery cost projections, and also suggested that EPA failed to consider cost information that
had been provided by manufacturers.

Global stated that EPA’s MY 2025 battery costs are based on a volume exceeding 400,000 per
year, which it contends no individual manufacturer will reach. As stated above, EPA received
and responded to comments on the Draft TAR relating to the use of this volume as an input to
the battery cost model BatPaC. This comment on production volumes mirrors these previous
comments, which EPA addressed in TSD Chapter 2.3.4.3.7.4 at p. 2-388 to 2-389.

Response to Comments on the Proposed Determination

Global also stated that EPA cited only one study and the findings of one manufacturer to
support the judgment that its Draft TAR battery cost projections appeared conservative.
However, this comment refers to a passage in TSD Chapter 2.2.4.2, which is an overview section
that previewed highlights of the detailed sections that follow it, and accordingly is not where the
analysis supporting the judgment was described, nor where primary references were cited. TSD
Chapter 2.2.4.5.9 examined the Draft TAR battery cost projections with respect to the Nykvist
and Nilsson study and the General Motors announcement of battery cell costs for the Chevy Bolt,
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supplemented by several references for estimating pack costs from cell costs (both the Nykvist
and Chevy Bolt references have been widely cited across the industry). The conclusion of this
analysis was further supported by discussion of several manufacturer comments received on the
Draft TAR, as well as several additional references, which (as described above) were fully
described in Section A.2.5 of the Proposed Determination Appendix (at A-12 to A-13) and in
TSD Chapter 2.3.4.3.7.1 at p. 2-369. These passages clearly show that EPA did not rely on only
one reference, nor were the findings of only one manufacturer extended to the entire industry.

Global also stated that its comments on the Draft TAR, as well as confidential business
information (CBI) supplied to the agencies, included examples of actual costs that EPA did not
use in its Proposed Determination analysis. This information included projections of cost per ton
of CO2 reduced for BEVs and PHEVs versus non-electric technologies. However, cost per ton of
CO2 reduced is not a source of battery or non-battery cost information, and cannot be used as an
input to EPA models, which require battery costs to be specified with respect to total battery
capacity and power specifications, and component costs to be specified in terms of peak power
and direct manufacturing cost at a specific volume. Similarly, EPA generally cannot directly use
CBl as a basis for inputs to a publicly available model, and, to preserve confidentiality, can only
use such information on a limited internal basis. On this limited basis, battery costs currently
being paid by manufacturers for current-technology battery components are certainly
informative, but ultimately are of limited utility considering that the goal is to project battery
costs not for today’s state of technology and demand situation but for a more optimized and
developed industry state in 2022-2025. The General Motors Chevy Bolt disclosure remains the
only publicly available and widely cited reference for battery cell costs being paid by a volume
manufacturer that are represented by the source as applying to a time frame close to 2022-2025.
EPA received no other comments or CBI that included information of this type that could be
used as modeling inputs or directly compared with the projected costs of the Draft TAR or
Proposed Determination.

2.5.6 Non-battery Technology / Cost

This chapter reviews comments that relate specifically to non-battery technology and cost.
Comments related more specifically to battery costs are discussed in Chapter 2.5.5 of this RTC,
while comments related to PHEVs and BEVs in general are discussed in RTC Chapter 2.5.10.
Discussion of comments that relate to electrification but not to the abovementioned technology
issues, such as electrified vehicle penetration rates and similar aspects of the Proposed
Determination, may be found in Chapters 2.1 and 2.3 of this RTC document.

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Chapter 2.2.4.3 of the TSD discussed the state of non-battery technology for electrified
vehicles. Chapter 2.3.4.3.6 of the TSD discussed comments on the Draft TAR that relate to non-
battery technologies and costs.

A number of comments received on the Draft TAR related to EPA's projection of non-battery
costs for BEVs. Tesla Motors commented that their projected non-battery component costs are
“lower by double-digit percentages in every category versus the 2020 U.S. DRIVE figures
considered in the TAR,” and that they see “significant room for further cost reductions [within]
the regulatory timeline covered in the TAR (2022-2025).” While clarifying that the Draft TAR
non-battery costs were not derived from the U.S. DRIVE targets that were mentioned in the
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Draft TAR, EPA also noted that more information would be needed to supplement these
qualitative comments in order to effectively evaluate the EPA non-battery cost projections with
respect to Tesla's experience.

Other comments were received that relate more specifically to battery costs than to non-
battery costs, and these are reviewed in Chapter 2.5.5 of this RTC document, while comments
that relate more to BEV and PEV overall costs are reviewed in RTC Chapter 2.5.10. No
additional comments were received that included sufficiently specific data with which the non-
battery costs used in the Draft TAR could be effectively adjusted, either to represent larger or
smaller volumes, or more or less optimized development programs (as mentioned by some of the
comments).

Summary and Response to Comments on the Proposed Determination

In comments on the Proposed Determination, Faraday Future, Union of Concerned Scientists
(UCS), and the International Council for Clean Transportation (ICCT) repeated their position
that EPA’s projection of electric vehicle costs is overstated. Since these comments can be
interpreted as relating to both battery and non-battery costs (and therefore to overall vehicle
cost), they are addressed in Chapter 2.5.10.2 (Battery Electric Vehicles). EPA did not receive
additional comment pertaining specifically to non-battery costs, except as addressed as part of
the discussion in the previously mentioned chapters.

2.5.7 Stop-Start
Summary of Comments on the Draft TAR addressed in the Proposed Determination

Chapters 2.2.4.4.1 and 2.3.4.3.1 of the TSD discuss stop-start technology. Additional
discussion of stop-start technology in the context of the off-cycle credit program is found in
Section B.3.4.1 of the Proposed Determination Appendix.

Public comments on the Draft TAR did not directly address the cost or effectiveness values
EPA used for modeling stop-start technology in the Draft TAR technology assessment. One
comment suggested that the effectiveness of stop-start could be improved beyond the value
assumed in the Draft TAR when implemented with a dual energy storage system. EPA addressed
this comment in Chapter 2.3.4.3.1 of the TSD, pointing out that EPA had acknowledged the
possibility of dual systems but chose to model more standard configurations for which data is
more readily available. Some additional comment was received in the context of the off-cycle
credit program, relating primarily to the ability of the existing credit values for stop-start to
represent increased real-world idle time or potential benefits of 48-volt hybridization. These
comments were addressed in Section B.3.4.1 of the Proposed Determination Appendix, in part
by pointing out that system effectiveness is also an important factor in relating idle time to
achieved benefits, and that systems vary widely in how much of the idle time the engine is
actually turned off.

Summary and Response to Comments on the Proposed Determination

As part of its comments on advanced transmissions, General Motors commented that EPA
modeling of stop-start technology neglected to account for energy demands related to auxiliary
electrical pumps and hydraulic accumulator to maintain line pressure and restart the engine,
which were said to result in added inertia to the input side of the transmission and additional
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losses. In response, it is acknowledged that stop-start may be implemented in a number of ways,
some with hydraulic auxiliaries and others without. The choice of auxiliary support may depend
in part on specific integration issues, such as NVH attributes of specific vehicle architectures or
engines on which the technology is proposed for inclusion, and the ability of the base engine to
perform combustion-assisted restart. Although EPA’s effectiveness values for start-stop
technology in the 2012 FRM were based on simulations, the values used in the Draft TAR and
Proposed Determination were based on actual vehicle performance, derived in part from 2-cycle
certification test data for the Ford Fusion Stop-Start option, and corroborated by similar data
from the Mazda3 iStop, meaning that losses due to auxiliary processes such as torque converter
lockup and pumping that are applicable to a stop-start implementation on a 4-cylinder gasoline
engine were taken into account when developing the effectiveness values. Potential
implementations and the associated losses are likely to vary among manufacturers depending on
the specifics of the hardware approach they choose to implement and the needs of the engine and
other components with which it is integrated. The comment did not detail the magnitude of the
auxiliary losses GM anticipates with its particular implementation or the degree to which it might
differ from the production stop-start systems on which EPA based its effectiveness values, and
EPA has no evidence that the losses for various implementations that may be found across the
future fleet would vary dramatically enough to call these values into question as to their
representativeness.

EPA did not receive additional comments on the Proposed Determination that concern
modeling of stop-start technology. MEMA submitted comments related to off-cycle credits for
48V stop-start technology. Off-cycle credits are addressed in Chapter 3.9 of this RTC document.

2.5.8 Mild Hybrid (48V)
Summary of Comments on the Draft TAR addressed in the Proposed Determination

Chapters 2.2.4.4.2 and 2.3.4.3.2 of the TSD discuss mild hybrid technology. Chapter 2.3.4.3.2
of the TSD discussed comments on the Draft TAR that relate to this topic and the EPA responses
to those comments.

Some of the public comments on the Draft TAR relating to mild hybrids were directed toward
the decline in projected penetration of mild hybrids as compared to the 2012 FRM analysis, to
which EPA responded by characterizing the difference as a result of interactions among various
modeling changes to many technologies across the analysis, and not the result of any a priori
assumption about the potential for this technology to enter the market. Other commenters
suggested that the cost and/or effectiveness values EPA assumed for this technology in the Draft
TAR technology assessment were more optimistic than their own respective projections,
although these comments were not accompanied by supporting data and therefore could not be
evaluated. EPA’s efficiency estimates are based on demonstrated performance. In addition, EPA
pointed to how efficiencies can increase when 48volt (V) mild hybrid technology is used in
combination with other technologies, such as an electric supercharger. Several commenters in
fact recommended that EPA more fully recognize 48V hybridization as an enabling technology
by accounting for additional flexibilities and synergies that can accompany its introduction. EPA
acknowledged that these potential benefits can provide value, although this value is difficult to
quantify. A battery supplier commented that battery costs for 48V mild hybrid systems appeared
to be overstated compared to their cost projections and assumed learning rates said to be
applicable to their own products, to which EPA responded in part by observing that the relatively
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low current penetration of 48V systems in the U.S. and worldwide continues to lend significant
uncertainty to the proper learning rate that should be assumed, and that the rate assumed by EPA
represents an appropriate value. More detail on these comments and their responses can be found
in Chapter 2.3.4.3.2 of the TSD.

Summary and Response to Comments on the Proposed Determination

In comments on the Proposed Determination, ICCT again commented on the value of
investigating synergies between 48V hybridization and e-boost, which can lead to similar costs
but higher effectiveness. These comments mirror comments received on the Draft TAR, which
included comments relating to potential synergies. EPA addressed these Draft TAR comments in
Chapter 2.3.4.3.2 of the TSD at p. 2-337. EPA again acknowledges that 48V hybridization may
enable synergies that can lead to improved efficiency of other systems and hence of the
powertrain as a whole. However, similar to the rationale presented in TSD Chapter 2.3.4.3.1 at p.
2-335 regarding a recommendation that EPA model a dual-battery stop-start implementation,
EPA must reasonably limit the number of variations of technologies considered, in recognition of
available data on cost and effectiveness. Both detailed modeling of the physical systems as well
as rigorous cost assessment are required to consider additional technologies with the same level
of robustness as the technologies EPA already considers. As EPA has noted several times,
because we expect that the industry will continue to innovate and develop additional and
increasingly effective technologies, we are not able to consider every possible technology
combination that manufacturers may ultimately find cost-effective to include in their future
compliance paths. For example, as mentioned in Section IV.C of the Proposed Determination at
p. 54, EPA has not considered several technologies that are known to be under active
development, such as electric boosting, dynamic cylinder deactivation, and variable compression
ratio. While including such technologies might reduce projected compliance costs if they prove
to be more cost-effective than other technologies currently in the analysis, the lack of inclusion
of some of these technologies lends a conservative feature to the analysis supporting the
Determination.

The Alliance also commented that EPA asserted that no change is needed to give 48V mild
hybrids more off-cycle credit than stop-start. Comments related to off-cycle credits are addressed
in Chapter 3.9 of this RTC document.

2.5.9 Strong Hybrid

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Chapters 2.2.4.4.3 and 2.3.4.3.3 of the TSD discuss strong hybrid technology. Chapter
2.3.4.3.3 of the TSD includes discussion of public comments on the Draft TAR that relate to this
topic and the EPA responses to those comments.

Public comments on the Draft TAR relating to strong hybrids were primarily directed toward
the decision to model strong hybrids without reference to specific architecture (P2 or power
split), and the potential for differences in cost and effectiveness of the two architectures. EPA
responded to these comments by further describing and clarifying the rationale for this decision,
noting in addition that the cost and effectiveness of the two architectures appear to be converging
and that opinions continue to vary about their relative attributes. Another commenter agreed with
the effectiveness estimates for strong hybrids but described the cost estimates as more optimistic
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than its own projections, although supporting evidence was not provided. More detail on these
comments and their responses can be found in Chapter 2.3.4.3.3 of the TSD.

Summary and Response to Comments on the Proposed Determination

Comments received on the Proposed Determination did not raise additional issues related to
modeling of strong hybrid technology other than those EPA has already addressed through its
responses to comments received on the Draft TAR.

2.5.10 Plug-in Vehicles

This chapter reviews comments related to battery electric vehicle (BEV) and plug-in hybrid
electric vehicle (PHEV) technologies. Comments that relate more specifically to battery- and
non-battery technologies that are found on these vehicles are reviewed in Chapters 2.5.5 and
2.5.6 of this RTC document, respectively. Discussion of comments that relate to electrification
but not to the abovementioned technology issues, such as electrified vehicle penetration rates and
similar aspects of the Proposed Determination, may be found in Chapters 2.1 and 2.3 of this RTC
document.

Chapters 2.2.4.4.4 and 2.3.4.4.5 of the TSD review the state of technology for plug-in
vehicles (PEVs), which include plug-in hybrid electric vehicles (PHEVS) and battery electric
vehicles (BEVs). Chapters 2.3.4.3.4 and 2.3.4.3.5 of the TSD summarize the cost and
effectiveness assumptions for these technologies and also include discussion of many of the
related public comments on the Draft TAR, and EPA responses to those comments.

2.5.10.1 Plug-in Hybrid Electric Vehicles (PHEVS)

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Few public comments on the Draft TAR concerned PHEVs specifically, as distinguished from
broader issues common to plug-in vehicles in general. Some comments that were peripherally
related to PHEVs were received in the context of credits, incentives, and flexibilities, which are
discussed in Chapter 3.9 of this RTC document. Discussion of comments that relate to other
aspects of electrification such as electrified vehicle penetration rates and similar aspects of the
Proposed Determination may be found in Chapters 2.1 and 2.3 of this RTC document.

One comment was received relating to emissions on cap removal from the pressurized fuel
tank that is commonly associated with PHEVs. EPA responded that, while it is well understood
that the dual-powertrain aspect of PHEVs can present challenges for control of cold-start,
evaporative, and cap removal emissions, such emissions are not directly within the scope of the
Midterm Evaluation and are more properly addressed in the scope of other emission control
programs that relate to evaporative emissions (see TSD Chapter 2.3.4.3.4). Additional responses
to Draft TAR comments relating to criteria pollutants and evaporative emissions were presented
in TSD Chapter 2.3.3.3.8 at p. 2-269 (see also Chapter 2.6 of this RTC document for a review of
comments on this topic).

Summary and Response to Comments on the Proposed Determination

Comments on the Proposed Determination did not raise new issues related to PHEVs
specifically. Comments from MECA repeated their comment on the Draft TAR, stating that “an
increase in PHEV sales ... may lead to an unintended increase in the VOC inventory” due to puff
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losses from pressurized fuel tanks. This comment relates more closely to the topic of evaporative
emissions and criteria pollutants, which is discussed in Chapter 2.6 of this RTC document.

2.5.10.2 Battery Electric Vehicles (BEVs)

A number of public comments on the Draft TAR concerned battery electric vehicles. The
comments described in this section relate specifically to battery electric vehicles as a GHG-
reducing technology, rather than to the battery or non-battery technologies these vehicles may
include. Comments related to the latter topics are described in detail in Chapters 2.5.5 and 2.5.6
of this RTC document. Discussion of comments that relate to other aspects of electrification such
as electrified vehicle penetration rates and similar aspects of the Proposed Determination may be
found in Chapters 2.1 and 2.3 of this RTC document.

Summary of Comments on the Draft TAR addressed in the Proposed Determination

Comments related to BEVs were focused on several aspects of BEV modeling, including
driving range, projected fleet penetrations, aspects of cost such as overall cost as well as learning
and warranty rates assigned to BEVs, accounting for upstream emissions in compliance
projections, and power and acceleration levels.

One OEM commenter suggested that the 200-mile range of BEV200, the longest-range BEV
in the analysis, may not be sufficient to compete with conventional vehicles on driving range
over the long term, and that a longer range should be considered, which would increase projected
costs. EPA acknowledged in the Draft TAR and in its response that despite the fact that some
BEVs in today’s market offer a range in excess of 200 miles, other near-term product
announcements continue to target an approximate 200-mile range, making it uncertain at best
that BEVV200 will be as unrepresentative of future BEVs as the commenter suggests, or that
BEV200 will fail to compete adequately with conventional vehicles to achieve the modest
penetration rates projected in the Draft TAR analysis (see TSD Chapter 2.2.4.4.5 at p. 2-101 and
Chapter 2.3.4.3.5 at p. 2-344). In estimating the number of ZEV program vehicles to include in
the OMEGA analysis fleet, EPA also noted that it believes that the sales-weighted average
approach that was used is the most appropriate and fair way to make this estimation with
publicly available information, and this method would include the effect of longer-range vehicles
that are present in the fleet (see TSD Chapter 2.3.4.3.5 at p. 2-344).

Other commenters suggested that BEV penetration rates projected in the Draft TAR analysis
were too low. In some cases, this conclusion reflected the commenters’ assertion that the
projected effectiveness of advanced gasoline technologies was overly optimistic (an assertion
with which EPA disagreed, and continues not to accept, see e.g. Section I1.B of the Proposed
Determination document at p. 24, among other places). In contrast, other commenters posited
greater penetration rates on the expectation that BEV market share would grow rapidly for other
reasons, such as better cost-effectiveness than assumed, or the groundbreaking effect of near-
term product introductions, or better performance and convenience relative to conventional
vehicles. EPA noted that the projected BEV penetrations of the Draft TAR are not directly
chosen or selected, but rather result from the combined influence of many quantitative variables
representing cost and effectiveness of these technologies as well as others that compete with
them for inclusion in the projected compliant fleet. Similarly, market penetration that may result
from other influences beyond cost effectiveness, such as relative utility, brand appeal,
performance, or other factors are less tangible and quantifiable by their nature and present
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difficulties with their representation in a model that is driven primarily by cost effectiveness.
More discussion may be found in TSD Chapter 2.3.4.3.5 at p. 2-343 to 2-344.

With respect to comments expressed by a BEV manufacturer and others that overall BEV
costs and warranty cost reserves may be overstated, EPA noted that manufacturers that are
dedicated expressly to BEVs may experience different learning effects and cost structures than
other manufacturers, and that an accurate accounting of electrification costs during the time
frame of the rule should represent costs as they are likely to be experienced across the full
spectrum of manufacturers, even those that may utilize BEVs as a relatively small portion of
their compliance path. This is consistent with the relatively modest levels of BEV penetration
that the Draft TAR analysis projected, and the observation that significant uncertainty remains as
to warranty reserves or other aspects of indirect cost that will be representative of the industry as
a whole as it evolves. While EPA generally agreed that BEV costs appear to be continuing on a
downward trajectory, quantifying that trajectory in a manner sufficient to inform the applicability
of the non-battery cost estimates would require more detailed information than the comments
provide, such as detailed cost breakdowns and the assumptions that underlie them. EPA believes
that its current non-battery cost estimates continue to represent a reasonably conservative
assessment within the context of the modeling as a whole. For complete discussion of these
comments and responses, see TSD Chapters 2.3.4.3.5 at p. 2-343, TSD 2.3.4.3.6 at p. 2-346 to 2-
348, and TSD 2.3.4.3.7 at p. 2-357.

EPA also received some comments on the assumed production volumes for electrified
vehicles as being higher than anticipated by penetration levels projected in the Draft TAR. EPA
addressed comments related to the effect of assumed volumes for battery production in TSD
Chapter 2.3.4.3.7.4 at p. 2-387 to 2-388, where the rationale for the chosen volume is clarified
and expanded (see also Chapter 2.5.5 of this RTC document). With respect to assumed BEV
production volumes and penetration projections, much of the same rationale applies, as was
discussed in more detail in TSD Chapter 2.3.4.3.6 at p. 2-347 to 2-348.

In response to Draft TAR comments on the effect of phasing in of accounting for upstream
emissions of BEVs and PHEVs in the compliance analysis, for the Proposed Determination
analysis, EPA included upstream emissions for BEV operation and the electricity portion of
PHEV operation in the compliance determinations for all manufacturers by MY2025 (TSD
Chapter 2.3.4.3.5 at p. 2-344).

One Draft TAR commenter stated that the power levels assumed for plug-in vehicles (both
PHEVs and BEVs) were lower than that manufacturer typically provides in its vehicle line. EPA
responded to this comment in TSD Chapter 2.3.4.3.7 at p. 2-358, in part by acknowledging that
although different manufacturers may have differing targets for performance, this is also true for
many other vehicle attributes, and while it would be difficult to extend the analysis to represent a
specific manufacturer’s performance levels, variations in vehicle performance are now modeled
more effectively in aggregate due to modifications in the vehicle classifications. EPA also
described its method for assigning motor sizing and 0-60 acceleration times for plug-in vehicles
in TSD Chapter 2.2.4.4.6, and its outlook on future trends in 0-60 acceleration times in TSD
Chapter 2.3.4.3.7.4 at p. 2-359.

Comments were also received on the subject of incentives for BEVs, including the incentive
multiplier for MY's 2017 through 2021, and the 0 g/mi accounting for tailpipe emissions for MY's
2017-2025 (subject to sales thresholds for MY's 2022-2025). Public comments received on these
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incentives and multipliers were addressed in Section B.3.4.2 of the Proposed Determination
Appendix, and are reviewed again in Chapter 3.9 of this RTC document.

Summary and Response to Comments on the Proposed Determination

Several comments on the Proposed Determination related to BEVs. Some of these comments
repeated points raised previously in comments on the Draft TAR and addressed by EPA in the
Proposed Determination, as summarized above.

Comments from Faraday Future were strongly in favor of the Proposed Determination, and
presented a number of arguments regarding the potential for rapidly growing BEV market
penetration independent of regulatory action, due in part to falling costs, consumer acceptance,
and other influences. The comments also argued that this projected increased penetration of
BEVs could justify amending the standards to make them more stringent. These comments
largely repeated the comments on the Draft TAR and cited several references that EPA had
incorporated into the Proposed Determination. EPA addressed these comments in the Proposed
Determination and TSD, as described above.

ICCT repeated its contention that EPA may be overestimating BEV costs, and this concern
was also raised in comments from UCS. EPA addressed this and similar comments which had
been submitted on the Draft TAR in TSD Chapter 2.3.4.3.6 at p. 2-346 to 2-347. UCS also noted
that any overestimation of BEV costs would probably not have a significant impact on projected
compliance costs for the time frame of the 2017-2025 rule, but fe